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-HCAPLUS 7 COPYRIGHT 2003 ACS 
2002:841320 HCAPLUS 
Specificity of Ethephon as a 
Butyrylcholinesterase Inhibitor and 
Phosphorylating Agent 

Haux, J. Eric; Lockridge, Oksana; Casida, 
John E. 

Environmental Chemistry and Toxicology Laboratory, 
Department of Environmental Science, Policy and 
Management, University of California, Berkeley, CA, 
94720-3112, USA 

Chemical Research in Toxicology (2002), 15(12), 
1527-1533 

CODEN: CRTOEC; ISSN: 0893-228X 
PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Butyrylcholinesterase (BChE) is inhibited by the plant growth 

regulator ( 2-chloroethyl ) phosphonic acid (ethephon) as obsd. 25 yr ago 
both in vitro and in vivo in rats and mice and more recently in subchronic 
studies at low doses with human subjects. The proposed mechanism is 
phosphorylation of the BChE active site at S198 by ethephon dianion. The 
present study tests this hypothesis directly using [ 33P] ethephon and 
recombinant BChE (rBChE) with single amino acid substitutions and further 
evaluates if BChE is the most sensitive esterase target in vitro and with 
mice in vivo. [ 33P] Ethephon labels purified rBChE but not enzymically 
inactive diethylphosphoryl-rBChE (derivatized at S198 by preincubation 
with chlorpyrifos oxon) or several other esterases and proteins. Amino 
acid substitutions that greatly reduce rBChE sensitivity to ethephon are 
G117H and G117K in the oxyanion hole (which may interfere with hydrogen 
bonding between glycine-N-H and ethephon dianion) and A328F, A328W, and 
A328Y (perhaps by impeding access to the active site gorge) . Other 
substitutions ' that do not affect sensitivity are- D70N, D70K, D70G, and 
E197Q which are not directly involved in the catalytic triad. The effect 
of pH and buffer compn. on inhibition supports the hypothesis that 
ethephon dianion is the actual phosphorylating agent without activation by 
divalent cations. Human plasma BChE in vitro and mouse plasma BChE in 
vitro and in vivo are more sensitive to ethephon than any other esterases 
detected by butyrylthiocholine or 1-naphthyl acetate hydrolysis in 
native-PAGE. All mouse liver esterases obsd. are less sensitive than 
plasma BChE to ethephon in vitro and in vivo. More than a dozen other 
esterases examd. are 10-100-fold less sensitive than BChE to ethephon. 
Thus, BChE inhibition continues to be the most sensitive marker of 
ethephon exposure. 
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Butyrylcholinesterase variants with 

increased catalytic efficiency against cocaine and 

their analytical and therapeutic uses 
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Applied Molecular Evolution, Inc., USA; University of 
Nebraska Medical Center 
PCT Int. Appl., 150 .pp. 
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US 2000-748739 20001226 
US 2000-748739 A2 20001226 
US 2001-32233 A2 20011220 
AB The invention provides twenty-five butyrylcholinest erase 

variants having increased cocaine hydrolysis activity as well as the 
corresponding encoding nucleic acids. The invention also provides 
libraries of butyrylcholinesterase variants as well as libraries 
of the corresponding nucleic acids encoding butyrylcholinesterase 
variants. The invention further provides methods of hydrolyzing a 
cocaine-based butyrylcholinesterase substrate as well as methods 
of treating a cocaine-induced condition. Variants showing rates of 
cocaine hydrolysis that are 1.5-100-fold higher than that of the wild-type 
human enzyme are described. Guidelines for optimization of catalytic 
activity and the design of new variants are also disclosed. 
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2002 : 577800 HCAPLUS 

Re-engineering butyrylcholinesterase as a 

cocaine hydrolase 

Sun, Hong; Pang, Yuan- Ping; Lockridge, Oksana 
; Brimijoin, Stephen 

Department of Molecular Pharmacology and Experimental 
Therapeutics, Molecular Neuroscience Program, Mayo 
Clinic and Foundation for Medical Education and 
Research, Mayo Graduate School, Rochester, MN, USA 
Molecular Pharmacology (2002), 62(2), 220-224 
CODEN: MOPMA3; ISSN: 0026-895X 

American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

To address the problem of acute cocaine overdose, we undertook mol . 
engineering of butyrylcholinesterase (BChE) as a cocaine 
hydrolase so that modest doses could be used to accelerate metabolic 
clearance of this drug. Mol. modeling of BChE complexed with cocaine 
suggested that the inefficient hydrolysis (kcat = 4 min-1) involves a 
rotation toward the catalytic triad, hindered by Tyr332. To eliminate 
rotational hindrance and retain substrate affinity, we introduced two 
amino acid substitutions (Ala328Trp/Tyr332Ala) . The resulting mutant BChE 
reduced cocaine burden in tissues, accelerated plasma clearance by 
20-fold, and prevented cocaine-induced hyperactivity in mice. The 
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enzyme's kinetic properties (kcat = 154 min-1, KM = 18 .mu.M) satisfy 
criteria suggested previously for treating cocaine overdose (kcat > 120 
min-1, KM < 30 .mu.M) . This success demonstrates that computationally 
guided mutagenesis can generate functionally novel enzymes with clin. 
potential . 
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TITLE: Wild-type and A328W mutant human 

butyrylcholinesterase tetramers expressed in 
Chinese hamster ovary cells have a 16-hour half-life 
in the circulation and protect mice from cocaine 
toxicity 

Duysen, Ellen G.; Bartels, Cynthia F. ; Lockridge, 
Oksana 

Eppley Institute, University of Nebraska Medical 
Center, Omaha, NE, USA 

Journal of Pharmacology and Experimental Therapeutics 
(2002), 302(2), 751-758 
CODEN: JPETAB; ISSN: 0022-3565 

American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

Human butyrylcholinesterase (BChE) hydrolyzes cocaine to 

inactive metabolites. A mutant of human BChE, A328W, hydrolyzed cocaine 
15-fold faster compared with wild-type BChE. Although the catalytic 
properties of human BChE secreted by Chinese hamster ovary (CHO) cells are 
identical to those of native BChE, a major difference became evident when 
the recombinant BChE was injected into rats and mice. Recombinant BChE 
disappeared from the circulation within minutes, whereas native BChE 
stayed in the blood for a week. Nondenaturing gel electrophoresis showed 
that the recombinant BChE consisted mainly of monomers and dimers . In 
contrast, native BChE is a tetramer. The problem of the short residence 
time was solved by finding a method to assemble the recombinant BChE into 
tetramers. Coexpression in CHO cells of BChE and 45 residues from the N 
terminus of the COLQ protein yielded 70% tetrameric BChE. The resulting 
purified recombinant BChE tetramers had a half-life of 16 h in the 
circulation of rats and mice. The 16-h half-life was achieved without 
modifying the carbohydrate content of recombinant BChE. The protective 
effect of recombinant wild-type and A328W mutant BChE against cocaine 
toxicity was tested by measuring locomotor activity in mice. Pretreatment 
with wild-type BChE - or A328W tetramers at a dose of 2.8 units/g i.p. 
reduced cocaine-induced locomotor activity by 50 and 80%. These results 
indicate that recombinant human BChE could be useful for treating cocaine 
toxicity in humans. 
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Cocaine metabolism accelerated by a re-engineered 
human butyrylcholinesterase 

Sun, Hong; Shen, Maryann L.; Pang, Yuan-Ping; 
Lockridge, Oksana; Brimijoin, Stephen 
Molecular Neuroscience Program, Department of 
Molecular Pharmacology and Experimental Therapeutics, 
Mayo Foundation for, Medical Education and Research, 
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Rochester, MN, USA 

-SOURCE: Journal of Pharmacology and Experimental Therapeutics 

(2002), 302(2), 710-716 

CODEN: JPETAB; ISSN: 0022-3565 
PUBLISHER: American Society for Pharmacology and Experimental 

Therapeutics 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Plasma butyrylcholinesterase (BChE) is important in the metab. 

of cocaine, but natural human BChE has limited therapeutic potential for 
detoxication because of low catalytic efficiency with cocaine. Here we 
report pharmacokinetics of cocaine in rats treated with A328W/Y332A BChE, 
an excellent cocaine hydrolase designed with the aid of mol . modeling. 
Compared with wild-type BChE, this enzyme hydrolyzes cocaine with 40-fold 
improved kcat (154 min-1 vs. 4.1 min-1) and only slightly increased KM (18 
.mu.M vs. 4.5 .mu.M). In rats given this hydrolase (3 mg/kg i.v.) 10 min 
before cocaine challenge (6.8 mg/kg i.v.), cocaine half-life was reduced 
from 52 min to 18 min. Mirroring the redns . of plasma cocaine were large 
increases in benzoic acid, a product of BChE-mediated cocaine hydrolysis. 
All other pharmacokinetic parameters confirmed a large, dose-dependent 
acceleration of cocaine removal by the injected cocaine hydrolase. These 
results show that A328W/Y332A, an efficient cocaine hydrolase in vivo as 
well as in vitro, might promote cocaine detoxication in a clin. setting. 
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DOCUMENT NUMBER: 137:290755 

TITLE: DNA sequence of butyrylcholinesterase from 

the rat: expression of the protein and 
characterization of the properties of rat 
butyrylcholinesterase 

Boeck, Andreea Ticu; Schopfer, Lawrence M.; 
Lockridge , Oksana 

Eppley Institute, University of Nebraska Medical 
Center, Omaha, NE, 68198-6805, USA 

Biochemical Pharmacology (2002), 63(12), 2101-2110 
CODEN: BCPCA6; ISSN: 0006-2952 
Elsevier Science Inc. 
Journal 
English 

The rat is the model animal for toxicity studies . 
Butyrylcholinesterase (BChE) , being sensitive to inhibition by 
some organophosphorus and carbamate pesticides, is a biomarker of toxic 
exposure. The goal of this work was to characterize the purified rat BChE 
enzyme. The cDNA sequence showed eight amino acid differences between the 
active site gorge of rat and human BChE, six clustered around the acyl 
binding pocket and two below the active site serine. A prominent 
difference in rat was the substitution of arginine for leucine at position 
286 in the acyl pocket. Wild-type rat BChE, the mutant R286L, wild-type 
human BChE, and the mutant L286R were expressed in CHO cells and purified. 
Arg 286 was found responsible for the resistance of rat BChE to inhibition 
by Triton X-100. Replacement of Arg 286 with leucine caused the affinity 
for Triton X-100 to increase 20-fold, making it as sensitive as human BChE 
to inhibition by Triton X-100. Wild-type rat BChE had an 8- to 9-fold 
higher Km for the pos . charged substrates butyrylthiocholine, 
acetylthiocholine, propionylthiocholine, benzoylcholine, and cocaine 
compared with wild-type human BChE. Wild-type rat BChE catalyzed turnover 
2- to 7-fold more rapidly than human BChE, showing the highest turnover 
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with propionylthiocholine (201,000 min-1) . Human BChE does not reactivate 
spontaneously after inhibition by echothiophate, but rat BChE reactivates 
with a half-life of 4.3 h. Human serum contains 5 mg/L of BChE and 0.01 
mg/L of AChE. Male rat serum contains 0.2 mg/L of BChE and . apprx . 0 . 2 
mg/L of AChE. 
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HCAPLUS COPYRIGHT 2003 ACS 
2002 : 274702 HCAPLUS 
137:2377 

Naturally occurring mutation, Asp70His, in human 
bu tyryl cholines terase 

Boeck, Andreea Ticu; Fry, Debra L.; Sastre, Antonio; 
Lockridge , Oksana 

Eppley Institute, University of Nebraska Medical 
Center, Omaha, NE, 68198-6805, USA 

Annals of Clinical Biochemistry (2002), 39(2), 154-156 
CODEN: ACBOBU; ISSN: 0004-5632 
Royal Society of Medicine Press Ltd. 
Journal 
English 

People with genetic variants of butyrylcholines terase can have 
hours of prolonged apnea after a normal dose of succinylcholine or 
mivacurium. Serum samples from 308 persons living in mid-USA were 
phenotyped to identify the atypical and fluoride variants. Three hundred 
eight samples were analyzed for the K variant by DNA amplification, 
digestion with Mae III and gel electrophoresis. Amplified DNA from 16 
samples was sequenced to identify mutations D70G, T243M and D70H. D70H 
represents a novel mutation, described here for the first time. Values 
for kcat and Km were detd. for the D70H mutant BChE expressed in 293T 
cells. This mutation is located in the peripheral anionic site of 
butyrylcholines terase, where it causes a 10-fold decrease in 
binding affinity for pos . charged substrates. People homozygous for the 
Asp70His mutation are expected to have prolonged apnea in response to 
succinylcholine or mivacurium, similar to people with the Asp70Gly 
mutation. 
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TITLE: Acetylcholinesterase knockouts establish 

central cholinergic pathways and can use 
butyrylcholines terase to hydrolyze 
acetylcholine 

Mesulam, M.-M.; Guillozet, A./ Shaw, P.; Levey, A. ; 
Duysen, E. G.; Lockridge, O. 

Northwestern University, Cognitive Neurology and 
Alzheimer's Disease Center and Department of Neurology 
and Psychiatry, Chicago, IL, 60611, USA 
Neuroscience (Oxford, United Kingdom) (2002), 110(4), 
627-639 

CODEN: NRSCDN; ISSN: 0306-4522 
Elsevier Science Ltd. 
Journal 
English 

Acetylcholinesterase is one of the most prominent constituents 
of central cholinergic pathways. It terminates the synaptic action of 
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acetylcholine through hydrolysis and yields the choline moiety that is 
necessary for transmitter recycling. Despite these pivotal relationships, 
mice nullizygous for acetylcholinesterase established all 
principal anatomical components of central cholinergic pathways . No 
compensatory increase in the distribution of butyrylcholinesterase 
was detected. However, both the wild-type and nullizygous mice showed 
that butyrylcholinesterase enzyme activity extended to all parts 
of the brain receiving cholinergic innervation and that it could hydrolyze 
the acetylcholine surrogate acetylthiocholine . As opposed to 
acetylcholinesterase which was mostly of neuronal origin, 
butyrylcholinesterase appeared to be mostly of glial origin. 
These expts. lead to the unexpected conclusion that 
acetylcholinesterase is not necessary for the establishment of 
cholinergic pathways. They also show that butyrylcholinesterase 
can potentially substitute for acetylcholinesterase and that 
this enzyme is likely to play a constitutive (rather than just back-up) 
role in the hydrolysis of acetylcholine in the normal brain. The 
inhibition of butyrylcholinesterase may therefore provide a 
desirable feature of cholinergic therapies, including those aimed at 
treating Alzheimer's disease. 
REFERENCE COUNT: 39 THERE ARE 39 CITED REFERENCES AVAILABLE FOR THIS 
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TITLE: The active site of human paraoxonase (PON1) 

AUTHOR(S) : Josse, Denis; Lockridge, Oksana; Xie, 

Weihua; Bartels, Cynthia F. ; Schopfer, Lawrence M.; 

Masson, Patrick 

CORPORATE SOURCE: Eppley Institute, University of Nebraska Medical 

Center, Omaha, NE, 68198-6805, USA 
SOURCE: Journal of Applied Toxicology (2001), 21(Suppl. 1), 

S7-S11 

CODEN: JJATDK; ISSN: 0260-4 37X 
PUBLISHER: John Wiley & Sons Ltd. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Ideally the authors would like to treat people exposed to nerve agents 

with an enzyme that rapidly destroys nerve agents. The enzymes considered 
for such a role include human butyrylcholinesterase (BChE) , 
acetylcholinesterase (AChE) , carboxylesterase and paraoxonase 
(PON1). Success has been achieved in endowing BChE with the ability to 
hydrolyze organophosphates . The G117H mutant of BCHE hydrolyzes sarin and 
VX, whereas the double mutant G117H/E197Q hydrolyzes soman. However, the 
rates of organophosphate hydrolysis are slow and a faster organophosphate 
hydrolase is being sought. Native PON1 hydrolyzes paraoxon with a 
catalytic efficiency, of 2.4 .times. 106 M-l min-1, and our goal is to 
improve the organophosphate hydrolase activity of PON1. To achieve this 
we need to identify the amino acids in the active site of PON1 . Using 
site-directed mutagenesis and expression in human 293T cells, the authors 
have identified the following eight amino acids as being essential to PON1 
activity: W280, H114, H133, H154, H242, H284, E52 and D53. Fluorescence 
of PON1 complexed to terbium ion shows that at least one tryptophan is 
close to the calcium binding site. 
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136:397732 

Substrate activation in acetylcholinesterase 
induced by low pH or mutation in the .pi. -cation 
subsite 

Masson, Patrick; Schopfer, Lawrence M. ; Bartels, 
Cynthia F. ; Froment, Marie-Therese; Ribes, Fabien; 
Nachon, Florian; Lockridge, Oksana 

Unite d 1 Enzymologie, Centre de Recherches du Service 
de Sante des Armees, La Tronche, Fr . 

Biochimica et Biophysica Acta (2002), 1594(2), 313-324 
CODEN: BBACAQ; ISSN: 0006-3002 
^ Elsevier Science B.V. 
Journal 
English 

Substrate inhibition is considered a defining property of 
acetylcholinesterase (AChE) , whereas substrate activation is 
characteristic of bu tyryl cholines terase (BuChE) . To understand 
the mechanism of substrate inhibition, the pH dependence of 
acetylthiocholine hydrolysis by AChE was studied between pH 5 and 8. 
Wild-type human AChE and its mutants Y337G and Y337W, as well as wild-type 
Bungarus fasciatus AChE and its mutants Y333G, Y333A and Y333W were 
studied. The pH profile results were unexpected. Instead of substrate 
inhibition, wild-type AChE and all mutants showed substrate activation at 
low pH. At high pH, there was substrate inhibition for wild-type AChE and 
for the mutant with tryptophan in the .pi. -cation subsite, but substrate 
activation for mutants contg. small residues, glycine or alanine. This is 
particularly apparent in the B. fasciatus AChE. Thus a single amino acid 
substitution in the .pi. -cation site, from the arom. tyrosine of B. 
fasciatus AChE to the alanine of BuChE, caused AChE to behave like BuChE . 
Excess substrate binds to the peripheral anionic site (PAS) of AChE. The 
finding that AChE is activated by excess substrate supports the idea that 
binding of a second substrate mol. to the PAS induces a conformational 
change that reorganizes the active site. 
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Engineering of a monomeric and low-glycosylated form 
of human butyrylcholinesterase . Expression, 
purification, characterization and crystallization 
Nachon, Florian; Nicolet, Yvain; Viguie, Nathalie; 
Masson, Patrick; Fontecilla-Camps , Juan C; 
Lockridge , Oksana 

Centre de Recherches du Service de Sante des Armees, 
Unite d f Enzymologie, La Tronche, 38702, Fr . 
European Journal of Biochemistry (2002), 269(2), 
630-637 

CODEN: EJBCAI; ISSN: 0014-2956 
Blackwell Publishing Ltd. 
Journal 
English 

Human butyrylcholinesterase (BChE; EC 3.1.1.8) is of particular 
interest because it hydrolyzes or scavenges a wide range of toxic compds . 
including cocaine, organophosphorus pesticides, and nerve agents. The 
relative contribution of each N-linked glycan for the soly., the 
stability, and the secretion of the enzyme was investigated. A 
recombinant monomeric BChE lacking 4 out of 9 N-glycosylation sites and 
the C-terminal oligomerization domain was stably expressed as a monomer in 
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CHO cells. The purified recombinant BChE showed catalytic properties 
similar to those of the native enzyme. Tetragonal crystals suitable for 
x-ray crystallog. studies were obtained; they were improved by recrystn. 
and found to diffract to 2.0 . ANG . resoln. using synchrotron radiation. 
The crystals were found to belong to tetragonal space group 1422 with unit 
cell dimensions a = b = 154.7, c = 124.9 .ANG., giving a Vm of 2.73 .ANG. 3 
per Da (estd. 60% solvent) for a single mol . of recombinant BChE in the 
asym. unit. The crystal structure of BChE will help elucidate unsolved 
issues concerning ChE mechanisms in general. 
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American Society for Pharmacology and Experimental 
Therapeutics 
Journal 
English 

The possibility that organophosphate toxicity is due to inhibition of 
targets other than acetylcholinesterase (AChE, EC 3.1.1.7) was 
examd. in AChE knockout mice. Mice (34-55 days old) were grouped for this 
study, after it was detd. that AChE, butyrylcholinesterase 
(BChE), and carboxylesterase activities had reached stable values by this 
age. Mice with 0, 50, or 100% AChE activity were treated s.c. with the 
nerve agent VX. The LD50 for VX was 10 to 12 .mu.g/kg in AChE-/-, 17 
.mu.g/kg in AChE+/-, and 24 .mu.g/kg in AChE+/+ mice. The same 
cholinergic signs of toxicity were present in AChE-/- mice as in wild-type 
mice, even though AChE-/- mice have no AChE whose inhibition could lead to 
cholinergic signs. Wild-type mice, but not AChE-/- mice, were protected 
by pretreatment with atropine. Tissues were extd. from VX-treated and 
untreated animals and tested for AChE, BChE, and acylpeptide hydrolase 
activity. VX treatment inhibited 50% of the AChE activity in brain and 
muscle of AChE+/+ and +/- mice, 50% of the BChE activity in all three AChE 
genotypes, but did not significantly inhibit acylpeptide hydrolase 
activity. It was concluded that the toxicity of VX must be attributed to 
inhibition of nonacetylcholinesterase targets in the AChE-/- 
mouse. Organophosphorus ester toxicity in wild-type mice is probably due 
to inhibition or binding to several proteins, only one of which is AChE. 
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Mayo Foundation for 
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(2001), 276(12), 



detoxication 

Sun, Hong; El Yazal, Jamal; Lockridge, Oksana 
; Schopfer, Lawrence M.; Brimijoin, Stephen; Pang, 
Yuan-Ping 

Molecular Neuroscience Program, 
Medical Education and Research, 
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Journal of Biological Chemistry 
9330-9336 

CODEN: JBCHA3; ISSN: 0021-9258 

American Society for Biochemistry and Molecular 
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Journal 
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Butyrylcholinesterase (BChE) is important in cocaine metab., but 
it hydrolyzes (-) -cocaine only one-two thousandth as fast as the unnatural 
(+) -stereoisomer . A starting point in engineering BChE mutants that 
rapidly clear cocaine from the bloodstream, for overdose treatment, is to 
elucidate structural factors underlying the stereochem. difference in 
catalysis. Here, the authors report two three-dimensional 
Michaelis-Menten complexes of BChE liganded with natural and unnatural 
cocaine mpls., resp. , that were derived from mol . modeling and supported 
by exptl. studies. Such complexes revealed that the benzoic ester group 
of both cocaine stereoisomers must rotate toward the catalytic Serl98 for 
hydrolysis. Rotation of (-) -cocaine appears to be hindered by 
interactions of its Ph ring with Phe329 and Trp430. These interactions do 
not occur with (+) -cocaine. Because the rate of (-) -cocaine hydrolysis is 
predicted to be detd. mainly by the re-orientation step, it should not be 
greatly influenced by pH. In fact, measured rates of this reaction were 
nearly const, over the pH range from 5.5 to 8.5, despite large rate 
changes in hydrolysis of (+) -cocaine . The authors' models can explain why 
BChE hydrolyzes (+) -cocaine faster than (-) -cocaine, and they suggest that 
mutations of certain residues in the catalytic site could greatly improve 
catalytic efficiency and the potential for detoxication. 
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Effects of mutations of active site residues and amino 
acids interacting with the .OMEGA, loop on substrate 
activation of butyrylcholinesterase 
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The peripheral anionic site (PAS) of human butyrylcholinesterase 
is involved in the mechanism of substrate activation by pos. charged 
substrates and ligands. Two substrate binding loci, D70 in the PAS and 
W82 in the active site, are connected by the .OMEGA, loop. To det. 
whether the .OMEGA, loop plays a role in the signal transduction between 
the PAS and the active site, residues involved in stabilization of the 
loop, N83, K339 arid W430, were mutated.. Mutations N83A and N83Q caused 
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loss of substrate activation, suggesting that N83 which interacts with the 
D70 backbone may be an element of the transducing system. The K339M and 
W430A mutant enzymes retained substrate activation. Residues W82, E197, 
and A328 in the active site gorge have been reported to be involved in 
substrate activation. At butyrylthiocholine concns . greater then 2 rtiM, 
W82A showed apparent substrate activation. Mutations E197Q and E197G 
strongly reduced substrate activation, while mutation E197D caused a 
moderate effect, suggesting that the carboxylate of residue E197 is 
involved in substrate activation. Mutations A328F and A328Y showed no 
substrate activation, whereas A328G retained substrate activation. 
Substrate activation can result from an allosteric effect due to binding 
of the second substrate mol. on the PAS. Mutation W430A was of special 
interest because this residue hydrogen bonds to W82 and Y332 . W430A had 
strongly reduced affinity for tetramethylammonium . The bimol. rate const, 
for reaction with diisopropyl f luorophosphate was reduced 10,000-fold, 
indicating severe alteration in the binding area in W430A. The kcat 
values for butyrylthiocholine, o-nitrophenyl butyrate, and 
succinyldithiocholine were lower. This suggested that the mutation had 
caused misfolding of the active site gorge without altering the .OMEGA, 
loop conformation/dynamics. W430 as well as W231 and W82 appear to form 
the wall of the active site gorge. Mutation of any of these tryptophans 
disrupts the architecture of the active site. 
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Abundant tissue butyrylcholinesterase 

its possible function in the 
acetylcholinesterase knockout mouse 
Li, Bin; Stribley, Judith A. ; Ticu, Andreea; Xie, 
Weihua; Schopfer, Lawrence M.; Hammond, Pamela; 
Brimijoin, Stephen; Hinrichs, Steven H.; 
Lockridge, Oksana 

Eppley Institute, University of Nebraska Medical 
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We have described recently an acetylcholinesterase (AChE) 
knockout mouse. While comparing the tissue distribution of AChE and 
butyrylcholinesterase (BChE) , we found that extn. buffers contg. 
Triton X-100 strongly inhibited mouse BChE activity. In contrast, buffers 
with Tween 20 caused no inhibition of BChE. 
grossly underestimated BChE activity by up 
buffer, the intestine, serum, lung, liver, 
AChE activity. Only brain had higher AChE 
mice. These findings contradict the dogma, based mainly on observations 
in Triton X-100 exts., that BChE is a minor cholinesterase in 
animal tissues. AChE +/- mice had 50% of normal AChE activity and AChE 
-/- mice had none, but all mice had similar levels of BChE activity. BChE 
was inhibited by Triton X-100 in all species tested, except rat and 
chicken. Inhibition was reversible and competitive with substrate 
binding. The active site of rat BChE was unique, having an arginine in 
place of leucine at position 286 (human BChE numbering) in the 
acyl-binding pocket of the active site, thus explaining the lack of 
inhibition of rat BChE by Triton X-100., The generally high levels of .BChE 
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activity in tissues, including the motor endplate, and the observation 
that mice live without AChE, suggest that BChE has an essential function 
in nullizygous mice and probably in wild-type mice as well. 
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acetylcholinesterase and 
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Cat serum contains 0.5 mg/L of butyrylcholinesterase (BChE, EC 
3.1.1.8) and 0.3 mg/L of acetylcholinesterase (AChE, EC 
3.1.1.7); this can be compared with 5 mg/mL and < 0.01 mg/L, resp., in 
human serum. Cat BChE differed from human BChE in the steady-state 
turnover of butyrylthiocholine, having a 3-fold higher kcat and 2-fold 
higher Km and Kss values. Sequencing of the cat BCHE cDNA revealed 70 
amino acid differences between cat and human BChE, three of which could 
account for these kinetic differences. These amino acids, which were 
located in the region of the active site, were Phe398Ile, Pro285Leu, and 
Ala277Leu (where the first amino acid was found in human and the second in 
cat); Sequencing genomic DNA for cat and human ACHE demonstrated that 
there were 33 amino acid differences between the cat and human AChE 
enzymes, but that there were no differences in the active site region. In 
addn., a polymorphism in intron 3 of the human ACHE gene was detected, as 
well as a silent polymorphism at Y116 of the cat ACHE gene. 
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AB Acetylcholinesterase (AChE; EC 3.1.1.7) is the primary 

terminator of nerve impulse transmission at cholinergic synapses and is 
believed to play an important role in neural development. Targeted 
deletion of 4 exons of the ACHE gene reduced AChE activity by half in 
heterozygous mutant mice and totally eliminated AChE activity in 
nullizygous animals. Butyrylcholinesterase (EC 3.1.1.8) 

activity was normal in AChE -/- mice. Although nullizygous mice were born 
alive and lived up to 21 days, phys . development was delayed. The 
neuromuscular junction of 12-day-old nullizygous animals appeared normal 
in structure. Nullizygous mice were highly sensitive to the toxic effects 
of the organophosphate diisopropylf luorophosphate and to the 
butyrylcholinesterase- specific inhibitor bambuterol . These 
findings indicate that butyrylcholinesterase and possibly other 
enzymes are capable of compensating for some functions of AChE and that 
the inhibition of targets other than AChE by organophosphorus agents 
results in death. 
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AB A review with 107 refs. Butyrylcholinesterase (BChE) scavenges 

low doses of organophosphorus (for example, paraoxon) and carbamate 
pesticides (for example, carbaryl) and in this way protects people from 
the toxic effects of these poisons. The protective role of BChE is 
demonstrated by the finding that pesticide applicators can have reduced 
BChE activity with no clin. signs of poisoning. The question has arisen 
whether people with genetic variants of BChE are less protected. 
Seventy-six percent of the population is homozygous for wild-type BChE, 
while 24% carry at least one genetic variant allele. Most genetic 
variants of BChE have reduced activity. The clin. most important variant 
is atypical (D70G) BChE because people with this variant have 2 h of apnea 
after receiving a dose of succinylcholine that is intended to paralyze 
muscles for 3-5 min. In test tube expts. the atypical variant reacts more 
slowly with all pos . cha'rged compds . (for example physostigmine, 
echothiophate) . This leaves more toxin available for reaction with 
acetylcholinesterase in nerve synapses and predicts that people 
with atypical BChE will be less protected. Variants with low activity, 
such as silent BChE, are predicted to be at increased risk from 
organophosphorus pesticides based on expts. in monkeys and rodents where 
injection of purified BChE protected animals from the toxic effects of 
nerve agents. More studies are needed to strengthen the hypothesis that 
people with genetic variants of BChE are at higher risk of intoxication 
from pesticides. 
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Reaction of human butyrylcholinesterase 
(BChE) H117 enzymes with carbamates 
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Lockridge, O. ; Millard, C. B. 

U.S. Army Medical Research Institute of Chemical 
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Structure and Function of Cholinesterases and Related 
Proteins, [International Meeting on Cholinesterases 
and Related Proteins], 6th, La Jolla, CA, Mar. 20-24, 
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Plenum Publishing Corp.: New York, N. Y. 
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English 

AB The authors discuss kinetic characterization of the G117H mutant of 
butyrylcholinesterase in an effort to better understand how this 
enzyme behaves with the intent of producing a better organophosphorus 
scavenger to protect military personnel against nerve agents. 
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AB Chimeric mice carrying the knocked out ACHE (acetylcholinesterase 

) gene were created. It was shown that the knockout was transmitted in 
the germline of at least one of chimeric mouse and that the heterozygote 
knockout is capable of living at least to 21 day of gestation, until the 
day of birth. * Addnl . breeding may yield a live heterozygous mouse. 
However, the homozygous knockout is expected to be embryonic lethal. The 
DNA and deduced amino acid sequences of butyrylcholinesterase 
(BChE) and acetylcholinesterase (AChE) from domestic cat and the 
BChE from Bengal tiger was detd. Using the yeast two-hybrid system it was 
shown that the C-terminus of BChE is the tetrameri zation domain. 
Poly-L-proline added to culture medium of CHO cells expressing wild-type 
BChE increased the percentage of tetramers. 
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TITLE: The butyrylcholinesterase K- variant shows 

similar cellular protein turnover and quaternary 
interaction to the wild-type enzyme 
Altamirano, Cibby Varkey; Bartels, Cynthia F. ; 
Lockridge, Oksana 

Department of Biochemistry and Molecular Biology and 
Eppley Institute, University of Nebraska Medical 
Center, Omaha, NE, 68198-6805, USA 
Journal of Neurochemistry (2000), 74(2), 869-877 
CODEN: JONRA9; ISSN: 0022-3042 
Lippincott Williams & Wilkins 
Journal 
English 

A recent study has linked the butyrylcholinesterase (BChE) 
K-variant and the apolipoprotein .epsilon.4 isoform to late-onset 
Alzheimer's disease. These findings have been controversial and have led 
us to examine the differences between wild-type and K-variant BChE in 
enzyme activity, protein stability, and quaternary structure. J-variant 
BChE (E497V/A539T) was also studied because it is assocd. with the 
K-variant mutation. The K-variant mutation (A539T) is located in the 
C-terminal tetramerization domain. Wild-type, K-variant, and J-variant 
BChE were expressed in Chinese hamster ovary cells and purified. The 
purified enzymes had similar binding affinity (Km) values and catalytic 
rates for butyrylthiocholine and benzoylcholine . In pulse-chase studies 
the K-variant, J-variant, and wild-type BChE were degraded rapidly within 
the cell, with a half-time of .apprx. 1.5h. Less than 5% of the 
intracellular BChE was exported. The C-terminal peptide contg. the 
K-variant mutation interacted with itself as strongly as did the wild-type 
peptide in the yeast two-hybrid system. Both K-variant and wild-type BChE 
assembled into tetramers in the presence of poly-L-proline or the 
proline-rich attachment domain of the collagen tail . The native K-variant 
BChE in serum showed the same proportion of tetramers as the native serum 
wild-type BChE. We conclude that the K-variant BChE is similar to 
wild-type BChE in enzyme activity, protein turnover, and tetramer 
formation . 

4 9 THERE ARE 4 9 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



REFERENCE COUNT: 



L6 ANSWER 22 OF 72 HCAPLUS COPYRIGHT 2003 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE: 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



1999:794264 HCAPLUS 
132: 32680 

Esterase mutants for detoxification of 
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AB A method of modifying esterases by substitution with histidine of at least 
one amino acid within 6 . ANG . of an active site serine provides esterases 
useful for detoxifying organophosphates.. Thus, G117H human 



Searched by Susan Hanley 305-4053 



Page 



CELSA 09/748,739 



butyrylcholinesterase was produced. This mutant enzyme catalyzed 
the hydrolysis of VX at 25. degree, and pH 7.5 with turnover no. of 5 X 
10-4 sec-1, a 350-fold increase over spontaneous hydrolysis under the same 
conditions. This enzyme was also able to hydrolyze sarin, DFP, 
methylphosphonothioate, and Echothiophate . 
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Interaction between the peripheral site residues of 
human butyrylcholinesterase, D70 and Y332, 
in binding and hydrolysis of substrates 
Masson, Patrick; Xie, Weihua; Froment, Marie-Therese ; 
Levitsky, Vladislav; Fortier, Pierre-Louis; Albaret, 
Christine; Lockridge, Oksana 

Centre de Recherches du Service de Sante des Armees, 
Unite d'Enzymologie, La Tronche, 38702, Fr. 
Biochimica et Biophysica Acta (1999), 1433(1-2), 
281-293 

CODEN: BBACAQ; ISSN: 0006-3002 
Elsevier Science B.V. 
Journal 
English 

Human butyrylcholinesterase displays substrate activation with 
pos . charged butyrylthiocholine (BTC) as the substrate. Peripheral 
anionic site (PAS) residues D70 and Y332 appear to be involved in the 
initial binding of charged substrates and in activation control. To det . 
the contribution of PAS residues to binding and hydrolysis of quaternary 
substrates and activation control, the single mutants D70G/Y and Y3 s 32F/A/D 
and the double mutants Y332A/D70G and Y332D/D70Y were studied. 
Steady-state hydrolysis of the charged substrates, BTC and 
succinyldithiocholine, and the neutral ester o-nitrophenyl butyrate was 
measured. In addn. , inhibition of wild-type and mutant enzymes by 
tetramethylammonium was investigated, at low concns. of BTC. Single and 
double mutants of D70 and Y332 showed little or no substrate activation, 
suggesting that both residues were important for activation control. The 
effects of double mutations on D70 and Y332 were complex. Double-mutant 
cycle anal, provided evidence for interaction between these residues. The 
category of interaction (either synergistic, additive, partially additive 
or antagonistic) was found to depend on the nature of the substrate and on 
measured binding or kinetic parameters. This complexity reflects both the 
crosstalk between residues involved in the sequential formation of 
productive Michaelian complexes and the effect of peripheral site residues 
on catalysis. It is concluded that double mutations on the PAS induce a 
conformational change in the active site gorge of 
butyrylcholinesterase that can alter both substrate binding and 
enzyme acylation. 
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AB Human butyrylcholinesterase (BChE) in serum is composed 

predominantly of tetramers. The tetramerization domain of each subunit is 
contained within 40 C-terminal residues. To identify key residues within 
this domain participating in tetramer stabilization, the interaction 
between C-terminal 4 6 residue peptides was quantitated in the yeast 
two-hybrid system. The wild-type peptide interacted strongly with another 
wild-type peptide in the yeast two-hybrid system. The C571A mutant 
peptides interacted to a similar degree as the wild-type. However, the 
mutant in which seven conserved arom. residues (Trp 543, Phe 547, Trp 550, 
Tyr 553, Trp 557, Phe 561, and Tyr 564) and C571 were altered to alanines 
showed only 12% of the interaction seen with the wild-type peptide. The 
seven mutations (aroms.-off) were incorporated into the complete BChE 
mol., with or without the C571A mutation, and expressed in 293T and CHO-K1 
cells. Expression of wild-type BChE in these cell lines yielded 10% 
tetramers. The aroms.-off mutant formed dimers and monomers but no 
tetramers. The aroms . -of f /C57 1A mutant yielded only monomers. Addn. of 
poly-L-proline to culture medium, or coexpression with the N-terminus of 
COLQ including the proline-rich attachment domain (QNPRAD) , increased the 
amt . of tetrameric wild-type BChE from 10 to 70%, but had no effect on the 
G534stop (lacking 41 C-terminal residues) and- the aroms.-off mutants. 
Recombinant BChE produced by coexpression with QNPRAD was purified by 
column chromatog. The purified tetramers contained the FLAG-tagged QNPRAD 
peptide. These observations suggest that the stabilization of BChE 
tetramers is mediated through the interaction of the seven conserved arom. 
residues and that poly-L-proline and PRAD act through these arom. residues 
to induce tetramerization. 
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Because of deficiencies in the present treatments for organophosphorus 
anticholinesterase poisoning, we are attempting to develop a 
catalytic scavenger that can be administered as prophylactic protection. 
Currently known enzymes are inadequate for this purpose because they have 
weak binding and slow turnover, so we are trying to make an appropriate 
enzyme by protein engineering techniques. One 
butyrylcholinesterase mutant, G117H, has the desired type of 
activity but reacts much too slowly. This communication describes an 
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attempt to det . the reason for the slow reaction so that a more efficient 
enzyme might be designed. The results indicate that the mutation at 
residue 117 has resulted in a distortion of the transition state of the 
reaction of organophosphorus compds . with the active site serine. This 
information will be used to develop other mutants that avoid transition 
state stabilization sites. 
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We examd. the role of A328(F330) in the binding of various inhibitors to 
cholinesterases (ChEs) using human butyrylcholinesterase 
(BChE) mutants to det. if the conclusions drawn from studies with 
acetylcholinesterase (AChE) mutants could be extended to BChE. 
For huperzine A and edrophonium, the results obtained with AChE mutants 
could be directly correlated with those obtained with native ChEs and 
site-specific mutants of human BChE. Inhibition studies of ethopropazine 
with BChE mutants, where A328 was modified to either F or Y, suggested 
that A328 was not solely responsible for the selectivity of ethopropazine. 
Vol. calcns. for the active-site gorge showed that the poor inhibitory 
activity of ethopropazine towards AChE was due to the smaller dimension of 
the active-site gorge. The vol. of the BChE active-site gorge is 
.apprxeq. 200 .ANG.3 larger than that of the AChE gorge, which allows the 
accommodation of ethopropazine in two different orientations as 
demonstrated by rigid-body refinement and mol . dynamics calcns. These 
results suggest that, although the overall scaffolding of the two enzymes 
may be highly similar, the dimensions and the micro-environment of the 
gorge play a significant role in detg. the selectivity of substrate and 
inhibitors for ChEs. 
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AB Human butyrylcholinesterase (BChE) is composed predominantly of 

tetramers. Up to 40 C-terminal residues of each subunit contribute to the 
stabilization of tetramers. To better define the residues which 
participate in tetramer stabilization, the in vivo interaction of the BChE 
C-terminus 4 6-residue peptide was quantitated for wild type and mutant 
BChE using the yeast two-hybrid system. The wild type C-terminal peptides 
interacted with one another in this system. The K-variant (A539T) and 
C571A peptides showed interaction similar to that of the wild type. 
However, only 11.7% of the interaction seen with the wild type peptide was 
obsd. with the mutant in which 7 conserved arom. residues (Trp 543, Phe 
547, Trp 550, Tyr 553, Trp 557, Phe 561, and Tyr 564) had been altered to 
alanines (aroms. off mutant). • When these 7 mutations were incorporated 
into the complete BChE mol . and expressed in 293T cells, only monomers and 
dimers were obsd. The addn. of poly-L-proline to the medium of 293T cells 
expressing wild type BChE resulted in the increase of the tetrameric form, 
similar to that obsd. by S. Bon et al . (1997) for 

acetylcholinesterase expressed in COS cells. However, no increase 
in tetramers was obsd. with poly-L-proline addn. to the medium of 293T 
cells expressing the aroms. off BChE mutant. These observations suggest 
that the stabilization of BChE tetramers is mediated through the 
interaction of the 7 conserved arom. residues, Trp 543, Phe 547, Trp 550, 
Tyr 553, Trp 557, Phe 561, and Tyr 564, and that the poly-L-proline 
induced increase in tetrameric BChE is mediated through these 7 arom. 
residues. 
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AB Wild-type (wt) butyrylcholinesterase (BuChE) and the E197D and 
D70G mutants were inhibited by diisopropylf luorophosphate (DFP) 
under std. conditions of pH, temp, and pressure. The effect of 
hydrostatic and osmotic pressures on the aging process of 
DFP-phosphorylated enzymes (diisopropylphosphoryl-BuChE ( DIP-BuChE) 
investigated. Hydrostatic pressure strongly increased the rate of aging 
of wt enzyme. The activation vols. (. DELTA. V) for the dealkylation 
reaction was -150 mL/mol for DIP-wt-BuChE . On the other hand, pressure 
had little effect on the aging of the DIP-E197D mutant and no effect on 
the DIP-D70G mutant, indicating that the transition state of the aging 
reaction (dealkylation of an isoproxy chain) was assocd. with an extended 
conformation/ hydration change in wtBuChE but not in mutants. The rate of 
aging decreased with osmotic pressure, supporting the idea that water is 
important for stabilizing the transition state. Mol. dynamics simulations 
were performed on the wtDIP adduct to relate the kinetic data to hydration 
changes in the enzyme active site gorge. The pH dependence of the melting 
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temp. (Tm) of native and soman-wtBuChE, as detd. by differential scanning 
calorimetry (DSC), indicated that the stabilization energy of aged BuChE 
is mainly due to the salt bridge between protonated H438 and PO-, with 
pKH438 = 8.3. Electrophoresis under high pressure up to 2.5 kbar showed 
that aged wtBuChE did not undergo pressure-induced molten globule 
transition unlike the native enzyme. This transition was not seen for the 
mutant enzymes, indicating that mutants are resistant to the penetration 
of water into their structure. Our results support the conclusion that 
D70 and E197 are major residues for the water/H-bond network dynamics in 
the active site gorge of BuChE, both residues acting like valves. In 
mutant enzymes, mutated residues function like check valves: forced 
penetration of water in the gorge is difficult, release of water is 
facilitated. 
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AB The G117H mutant of human butyrylcholinesterase is able to 

catalyze the hydrolysis of organophosphate esters paraoxon and 
echothiophate . In order to understand this property, a mol . mechanic 
study of the mutant adduct was carried out. When the imidazole ring was 
protonated on the N. delta. 1 site, the bonded hydrogen was found to bridge 
the two alkoxy oxygens of the phosphorylated serine in the min. energy 
conformation. This conformation was shown to be very stable during mol. 
dynamics. In particular, the phosphoryl oxygen was found to make strong 
hydrogen bonds with the oxyanion hole, resulting in the weakening of the 
O. gamma. -P bond to be broken. The pos . electrostatic field generated by 
H117 and the adjacent protonated H438 could attract and direct a water 
mol. for nucleophilic attack and subsequent dephosphorylation . The double 
hydrogen-bonding of alkoxy oxygens may account for the faster aging of 
G117H mutant when compared to the wild-type enzyme. When the imidazole 
ring was protonated on the N.epsilon.2 site, the position of H117 ring in 
the min. energy conformation was similar to that found for the other 
protonation site. In this case, the specific position of the H117 ring 
could allow a direct attack of nitrogen N. delta. 1 on the phosphorus atom, 
the resulting phosphoenzyme intermediate being cleaved by a water mol. in 
a second reaction to regenerate the active enzyme. 
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Polyol-induced activation by excess substrate of the 
D70G bu tyryl cholines terase mutant 
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Patrick 
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Wild-type human butyrylcholinesterase (BuChE) has a 
non-Michaelian behavior showing substrate activation with 
butyrylthiocholine (BTC) as the substrate. The D70G mutant 
catalytic const, identical to that of the wild-type enzyme, 
lower affinity for BTC compared to wild-type enzyme, and it 
exhibit activation by excess BTC under conventional conditions. In the 
present work it was found that addn. of polyols or sugars changed the 
kinetic behavior of the D70G mutant with BTC. In the presence of 40% 
sucrose, the D70G mutant enzyme displayed marked activation by excess 
substrate. Because D70 is hydrogen bonded to Y332, mutants of Y332 were 
studied. Mutant Y332F had a behavior similar to that of wild-type BuChE, 
whereas mutants Y332A, Y332A/D70G and D70G had negligible substrate 
activation. The behavior of wild-type, Y332F, Y332A and Y332A/D70G did 
not change in the presence of high concns . of sugar. Substrate activation 
has been explained by binding of a second substrate mol. in the peripheral 
site at D70. The D70G mutant should be incapable of substrate activation, 
if D70 were the only residue involved in substrate activation. The 
ability of the D70G mutant to display substrate activation by medium 
engineering suggests that other residues are involved in initial substrate 
binding and activation by excess substrate. Osmolyte-induced change in 
conformation and/or hydration status of Y332 and other solvent-exposed 
residues may account for the non-Michaelian behavior of the D70G mutant. 
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AB Butyrylcholinesterase (BChE) plays a major role in cocaine 

detoxification. The rate at which human BChE hydrolyzes cocaine is slow, 
with a kcat of 3.9 min-1 and Km of 14 .mu.M. The authors 1 goal was to 
improve the cocaine hydrolase activity of BChE by mutating residues near 
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the active site. Mutant A328Y had a kcat of 10.2 min-1 and Km of 9 .mu.M 
for a 4-fold improvement in catalytic efficiency (kcat/Km) . Since 
benzoylcholine (kcat, 15,000 min-1) and cocaine form the same acyl-enzyme 
intermediate but are hydrolyzed at 4000-fold different rates, it was 
concluded that a step leading to formation of the acyl-enzyme intermediate 
was rate-limiting. BChE purified from plasma of cat, horse, and chicken 
was tested for cocaine hydrolase activity. Compared with human BChE, 
horse BChE had a 2-fold higher kcat but a lower binding affinity; cat BChE' 
was similar to human BChE; and chicken BChE had only 10% of the catalytic 
efficiency. Naturally occurring genetic variants of human BChE were also 
tested for cocaine hydrolase activity. The J and K variants (E497V and 
A539T) had kcat and Km values similar to wild-type BChE, but because these 
variants are reduced to 66 and 33% of normal levels in human blood, resp., 
people with these variants may be at risk for cocaine toxicity. The 
atypical variant (D70G) had a 10-fold lower binding affinity for cocaine, 
suggesting that persons with the atypical variant of BChE may experience 
severe or fatal cocaine intoxication when administered a dose of cocaine 
that is not harmful to others. 
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AB Bimol. rate consts. for the inactivation of recombinant (r) human (Hu) 
butyrylcholinesterase (BChE) with P(S)C(S)- and 

P (S) C (R) -2- (3, 3-dimethylbutyl) methylphosphonof luoridate (soman) are 
(92.+-. 7) .times. 106 M-l min-1 and ( 13 . 7 . +- . 0 . 8 ) .times. 106 M-l min-1 at 
pH 7.4, .mu. = 0.1 M and 25. degree.. Mutations of E197(199) to D or Q and 
W82(84) to A result in redns . in the rate consts. for inactivation with 
P (S) C (S) -soman 4.3-, 11. 8-, and 263-fold and with P (S) C (R) -soman by 6.5-, 
47.3-, and 685-fold, resp. The pH dependence of dealkylation (aging) in r 
mouse (Mo) acetylcholinesterase (AChE) and rHu BChE and their 
mutants inactivated with P(S)C(S)- and P (S) C (R) -soman was compared. 
Best-fit parameters for the asym. bell curves for the adducts of wild-type 
Mo AChE are pKl = pK2 = 4.0-4.9 and pK3 = 5.2-6.6. These pKs are 
consistent with the involvement of two carboxylic acids, possibly 
E202(199) and either E334(327) or E450(443), and H447(440)H+ in the 
dealkylation of AChE. E202Q MoAChE inactivated with the soman 
diastereomers yielded pK3 = 5.5-5.8. Nearly sym. pH curves for 
soman-inhibited wild-type and E197D Hu BChE gave pK2 = 3.7-4.6 and pK3 = 
7.3-8.0, but much lower, pK3 .apprx. 5, for the corresponding adduct of 
the E197Q mutant. Dealkylation in soman-inhibited BChE is consistent with 
the participation of one carboxylic acid side chain and H438(440)H+. 
Maximal rate consts. for dealkylation (kmax) are 1-6 min-1 for AChE and 2 
min-1 for BChE at 25. degree.. The W82 to A mutation in BChE results in 
the largest redn., 2500-6000-fold, in the rate const, for dealkylation. 
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The redn. in the rate consts. for clealkylation in the E197 mutants is 
highly pH dependent. The solvent isotope effects at the pH maxima are 
1.3-1.4, indicating unlikely preprotonation or proton in "flight" at the 
enzymic transition states. The new results support the push-pull 
mechanism of dealkylation in soman-inhibited cholinesterases 
proposed previously. 
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AB The effects of 20 kHz ultrasound on catalytic activity and structure of 
the tetramer of wild-type human butyrylcholinesterase (BChE) 
from plasma and recombinant D70G mutant enzyme were studied at const, 
temp. Effects on catalytic properties of both enzymes were investigated 
by kinetic anal, under ultrasound irradn. using a neutral substrate 
(o-nitrophenylbutyrate) , a pos . charged substrate (butyrylthiocholine) , 
and a neg. charged substrate (aspirin) . Effects on structure of highly 
purified wild-type BChE were followed by gel electrophoresis and activity 
measurements at Vmax after ultrasound treatment. Unlike hydrostatic 
pressure, mild ultrasound had moderate effects on catalytic parameters of 
BChE-catalyzed hydrolysis of substrates. For both wild-type and D70G, Km 
increased slightly with butyrylthiocholine and o-nitrophenylbutyrate under 
ultrasound irradn., suggesting that these effects of ultrasound were not 
due to the periodic variation of pressure but rather to shear forces that 
took off substrate from the peripheral site and altered diffusion to the 
active site. By contrast, affinity of the D70G mutant for aspirin 
slightly increased with ultrasound power, suggesting that 

ultrasound-induced microstreaming unmasked peripheral residues involved in 
recognition and initial binding of the neg. charged substrate. Results 
support the contention that Km is a composite affinity const., including 
dissocn. const, of the first encounter enzyme-substrate complex on the 
peripheral site. Small changes in catalytic activity may have resulted 
from ultrasound-induced subtle conformational . changes altering the active 
site reactivity. Short ultrasound irradn. induced a faint transient 
enzyme activation, but prolonged irradn. caused partial dissocn. of the 
tetrameric enzyme and irreversible inactivation. Partial dissocn. was 
related to enzyme microheterogeneity, i.e., nicked (C-terminal segment 
depleted) tetramers were less stable than native tetramers. The 
resistance of the native tetramer to ultrasound-induced dissocn. was 
ascribed to the existence of an arom. amino acid array on the apolar side 
of the .C-terminal helical segment of subunits, the four subunits being 
held together in a four-helix bundle contg. the arom. zipper motifs. 
Arom. /arom. interactions between the four helical segments are thought to 
be enhanced by ultrasound-generated pressure. 
REFERENCE COUNT: 51 THERE ARE 51 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



Searched by Susan Hanley 305-4053 



Page 



CELSA 09/748,739 



L6 ANSWER 34 OF 72 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) : 



CORPORATE SOURCE: 

SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 

AB Although aspirin 



HCAPLUS COPYRIGHT 2003 ACS 
1998:579317 HCAPLUS 
130: 10271 

Bu tyryl cholines terase-cat a ly zed hydrolysis 
of aspirin, a negatively charged ester, and 
aspirin-related neutral esters 

Masson, Patrick; Froment, Marie-Therese ; Fortier, 
Pierre-Louis; Visicchio, Je an- Emmanuel ; Bartels, 
Cynthia F. ; Lockridge, Oksana 

Unite d 1 Enzymologie, Centre de Recherches du Service 
de Sante des Armees, La Tronche, 38702, Fr. 
Biochimica et Biophysica Acta (1998), 1387(1-2), 41-52 
CODEN: BBACAQ; ISSN: 0006-3002 
Elsevier Science B.V. 
Journal 
English 

(acetylsalicylic acid) is neg. charged, it is hydrolyzed 
by butyrylcholinesterase (BuChE) . Catalytic parameters were 
detd. in 100 mM Tris buffer, pH 7 . 4 , in the presence and absence of metal • 
cations. The presence of Ca2 + or Mg2+ (<100 mM) in buffer did not change 
the Km, but accelerated the rate of hydrolysis of aspirin by wild-type or 
D70G mutant BuChE by 5-fold. Turnover nos . were of the order of 
5000-12000 min— 1 for the wild— type enzyme and the D70G and D70K enzymes in 
100 mM Tris, pH 7.4, contg. 50 mM CaC12 at 25. degree. C; Km values were 6 
mM for wild-type, 16 mM for D70G and 38 mM for D70K. People with 
'atypical 1 BuChE have the D70G mutation. The apparent inhibition seen at 
high aspirin concn. was not due to inhibition by excess substrate but to 
spontaneous hydrolysis of aspirin, causing inhibition by salicylate. The 
wild-type and D70G enzymes were competitively inhibited by salicylic acid; 
the D70K enzyme showed a complex parabolic inhibition, suggesting multiple 
binding. The effect of salicylate was substrate-dependent, the D70K 
mutant being activated by salicylate with butyrylthiocholine as substrate. 
Km value for wild-type enzyme was lower than for D70 mutants, suggesting 
that residue 70 located at the rim of the active site gorge was not the 
major site for the initial encounter aspirin-BuChE complex. On the other 
hand, the virtual absence of affinity of the W82A mutant for aspirin 
indicated that W82 was the major residue involved in formation of the 
Michaelis complex. Mol . modeling of aspirin binding to BuChE indicated 
perpendicular interactions between the arom. rings of W82 and aspirin. 
Kinetic study of BuChE-catalyzed hydrolysis of different acetyl esters 
showed that the rate limiting step was acetylation. The bimol . rate 
consts. for hydrolysis of aspirin by wild-type, D70G and D70K enzymes were 
found to be close to 1. times. 106 M-l min-1. These results support the 
contention that the electrostatic steering due to the neg. electrostatic 
field of the enzyme plays a role in substrate binding, but plays no role 
in the catalytic steps, i.e. in the enzyme acetylation. 
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Gene Technology: Molecular Biology in the Conquest of 

Disease) , 165-166 
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PUBLISHER: Oxford University Press 
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LANGUAGE: English 

AB The reactions of physostigmine and pyridostigmine with human 
butyrylcholinesterase were described. 
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The G117H mutant of human butyrylcholinesterase is able to 
catalyze the hydrolysis of organophosphate esters paraoxon and 
echothiophate . In order to understand this property, a mol . mechanic 
study of the mutant adduct was carried out. Each protonation site of H117 
were examd. Results from mol. dynamics and quantum calcns. led us to 
propose two different mechanisms of hydrolysis depending on the 
protonation state of the mutated histidine. 
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Six of the fourteen arom. amino acid residues lining the gorge of 
acetylcholinesterases (AChE) are replaced by aliph. amino acid 
residues in butyryl cholines terases (BChE) . In particular, 
Tyr337{330) in mammalian AChE, which is replaced by Ala328(330) in human 
BChE, is implicated in the binding of ligands such as huperzine A, 
edrophonium, acridines, and one end of bisquaternary compds . such as 
BW284C51 and decamethonium . Tyr337 destabilizes the binding of 
phenothiazines such as ethopropazine, which contains a bulky exocyclic 
substitution. Inhibition studies of (-) huperzine A with human BChE 
mutants, where Ala328 (KI = 194.6 .mu.M) was modified to either Phe 
(Torpedo AchE; KI = 0.6 .mu.M) or Tyr (mammalian AChE; KI = 0.032 .mu.M), 



SOURCE : 



DOCUMENT TYPE 
LANGUAGE : 
AB 



Searched by Susan Hanley 305-4053 



Page 



CELSA 09/748,739 



have confirmed observations made with AChE mutants. However, inhibition 
of these mutants by ethopropazine (KI =0.82 and 0.24 .mu.M) was not 
significantly different from that of wild-type BChE (KI = 0.18 .mu.M), 
suggesting that, besides Ala328, there were other amino acid residues 
responsible for the binding of ethopropazine. Docking of ethopropazine 
into the active-site gorge of human BChE and energy minimization of the 
complex revealed that ethopropazine appears to interact significantly with 
Ala328 (Phe330) , Glnl 19 (Tyr 121 ) and Val288 ( Phe290) . The Ala328 mutants 
were different from wild-type BChE in that they did not display the 
phenomenon of substrate activation. 
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Human bu tyryl cholines terase mutant, G117H, 
hydrolyzes echothiopate and paraoxon 
Lockridge, O.; Blong, R. M . ; Froment, M.-T.; 
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Substitution of Glyll7 with His to make the G117H mutant endowed human 
bu tyryl cholines terase with the ability to hydrolyze 

organophosphate esters. The idea to make G117H came from C.A. Broomfield 
(Millard et al. Biochem. 1995, 34: 15925-15933), from his understanding of 
the catalytic mechanism. G117H was still able to hydrolyze 
butyrylthiocholine, benzoylcholine , and o-nitrophenylbutyrate, but in 
addn. it had acquired the ability to hydrolyze the antiglaucoma drug 
echothiopate and the pesticide paraoxon. Wild-type 
bu tyryl cholines terase was irreversibly inhibited by echothiopate 
and paraoxon but G117H regained 100% activity within 2-3 min following 
reaction with these compds . On a polyacrylamide gel the same bands that 
stained for activity with butyrylthiocholine also stained for activity 
with echothiopate. G117H is the only enzyme known that hydrolyzes 
echothiopate. The G117H mutant was made by the polymerase chain reaction 
and expressed in Chinese Hamster Ovary cells . Echothiopate and paraoxon 
were hydrolyzed with the same kcat of 0.75-min-l. The half-life of the 
diethoxyphosphorylated intermediate of G117H was 0.5 min and of wild-type 
was 32 days. This calcs . to a rate acceleration of 100,000 for hydrolysis 
of echothiopate and paraoxon by the G117H mutant of 
bu tyryl cholines terase . 
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AB The goal of this research is to develop an enzyme of human origin that is 
capable of catalyzing the rapid hydrolysis of all of the nerve agents. 
This enzyme would be administered or induced in soldiers at risk of 
exposure to nerve agents as a pretreatment without undesired side effects. 
The feasibility of this type of protection has been well demonstrated with 
exogenous, stoichiometric scavengers and with bacterial enzymes, but no 
human enzyme is known that possesses the appropriate characteristics to be 
practical. We have made a beginning to the soln. of this problem by 
protein engineering of human butyrylcholinesterase (BuChE) . Our 
first successful new enzyme, G117H, catalyzes the hydrolysis of GB, VX and 
DFP. When a second mutation was introduced at position 197 (G117H/E197Q) 
the hydrolysis of GD also was catalyzed. These new enzymes are not yet 
efficient enough to be used as biol . scavengers, but they provide 
conceptual validation and direction for continued rational design of the 
desired activity. 
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AB Organophosphorus acid anhydride (OP) "nerve agents" are rapid, 

stoichiometric, and essentially irreversible inhibitors of serine 
hydrolases. By placing a His near the oxyanion hole of human 
butyrylcholinesterase (BChE) , we made an esterase (G117H) that 
catalyzed the hydrolysis of several OP, including sarin and VX [Millard et 
al. (1995) Biochem. 34, 15925-15930]. G117Hwas limited, however, because 
it was irreversibly inhibited by pinacolyl methylphosphonof luoridate 
(soman); soman is among the most toxic synthetic poisons known. This 
limitation of G117H has been overcome by a new BChE (Gl 17H/E1 97Q) that 
combines two engineered features: spontaneous dephosphonylation and slow 
aging (dealkylation) . G117H/E197Q was compared with the single mutants 
BChE G117H and E197Q. Each retained cholinesterase activity 
with butyrylthiocholine as substrate, although kcat/Km decreased 11-, 11- 
or 110-fold for purified G117H, E197Q, or G117H/E197Q, resp., as compared 
with wild-type BChE. Only G117H/E197Q catalyzed soman hydrolysis; all 
four soman stereoisomers as well as sarin and VX were substrates. 
Phosphonylation and dephosphonylation reactions were stereospecif ic . 
Double mutant thermodn. cycles suggested that the effects of the His and 
Gin substitutions on phosphonylation were additive for PSCR or PRCR soman, 
but were cooperative for the PSCS stereoisomer. Dephosphonylation limited 
overall OP hydrolysis with apparent rate consts. of 0.006, 0.077, and 
0.128 min-1 for the PR/SCR, PSCS, and PRCS soman stereoisomers, resp., at 
pH 7.5, 25. degree.. We conclude that synergistic protein design converted 
an archetypal "irreversible inhibitor" into a slow substrate for the 
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target enzyme. 
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Butyrylcholinesterase (BChE) in human blood serum consists 
predominantly of tetramers. Recombinant BChE, however, expressed in CHO 
cells, consists of approx. 55% dimers, 10-30% tetramers, and 15-40% 
monomers. To det. the origin of the monomer species, the authors added 
the FLAG epitope (epitope tag; amino acid sequence DYKDDDDK) to the 
C-terminus of the enzyme, and expressed BChE-FLAG in CHO cells. It was 
found that secreted, active monomers had lost their FLAG epitope, 
suggesting that the monomers were made by proteolysis of dimers or 
tetramers at the C-terminus. To est. the no. of amino acids that could be 
deleted from the C-terminus without losing BChE activity, the authors 
expressed deletion mutants. It was found that deletion of .ltoreq.50 
amino acids from the C-terminus yielded active monomers, but that deletion 
of 51 amino acids destroyed BChE activity and caused the inactive protein 
to remain within the cell. Deletion of . gtoreq.8 amino acids from the 
N-terminus also resulted in inactive protein that remained inside the 
cell. Monomeric BChE had wild-type Km and kcat values of 8 .mu.M and 2400 
min-1, resp., for but yrylthiocholine, and showed substrate activation. 
The C571A mutant, although incapable of forming the interchain disulfide 
bond, had nearly the same amt . of tetrameric BChE as recombinant wild-type 
BChE. These results supported the conclusion that the tetramerization 
domain of BChE is at the C-terminus, within the terminal 50 amino acids, 
and that the interchain disulfide bond is not essential for 
tetramerization. Mol . modeling suggested that the tetramerization domain 
was a 4-helix bundle, stabilized by interactions of 7 conserved arom. 
amino acids . 
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quence alignments of cholinesterases revealed that 
amino acid residues lining the active center gorge of 



Searched by Susan Hanley 305-4053 



Page 27 



CELSA 09/748,739 



acetylcholinesterase are replaced by aliph. amino acid residues in 
butyrylcholinesterase. The Y337(F330) in mammalian 
acetylcholinesterase, which is replaced by A328 in human 
butyrylcholinesterase, is implicated in the binding of ligands 
such as huperzine A, edrophonium, and acridines and one end of 
bisquaternary compds . such as BW284C51 and decamethonium . Y337 may 
sterically hinder the binding of phenothiazines such as ethopropazine, . 
which contains a bulky exocyclic substitution. Inhibition studies of 
(-) -huperzine A with human butyrylcholinesterase mutants, where 
A328 (KI = 194.6 .mu.M) was modified to either F (KI =0.6 .mu.M, as in 
Torpedo acetylcholinesterase) or Y (KI = 0.032 .mu.M, as in 
mammalian acetylcholinesterase) , confirmed previous observations 
made with acetylcholinesterase mutants that this residue is 
important for binding huperzine A. Inhibition studies of ethopropazine 
with butyrylcholinesterase mutants, where A328 (KI = 0.18 .mu.M) 
was modified to either F (KI = 0.82 .mu.M) or Y (KI - 0.28 .mu.M), 
suggested that A328 was not solely responsible for the selectivity of 
ethopropazine. Vol. calcns . for the active site gorge showed that the 
poor inhibitory activity of ethopropazine toward 
acetylcholinesterase was due to the smaller dimension of the 
active site gorge, which was unable to accommodate the bulky inhibitor 
mol . The vol. of the butyrylcholinesterase active site gorge is 
.apprx.200 .ANG.3 larger than that of the acetylcholinesterase 
gorge, which allows the accommodation of ethopropazine in two different 
orientations as demonstrated by rigid-body refinement and mol. dynamics 
calcns. 
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AB Organophosphate-inhibited cholinesterases can be reactivated by 
nucleophilic compds. Sometimes phosphylated (phosphorylated or 
phosphonylated) cholinesterases become progressively refractory 
to reactivation; this can result from different reactions. The most 
frequent process, termed 'aging 1 , involves the dealkylation of an alkoxy 
group on the phosphyl moiety through a carbocation mechanism. In 
attempting to det . the amino acid residues involved in the aging of 
butyrylcholinesterase (BuChE) , the human BuChE gene was mutated at 
several positions corresponding to residues located at the rim of the 
active site gorge and in the vicinity of the active site. Mutant enzymes 
were expressed in Chinese hamster ovary cells. Wild-type BuChE and 
mutants were inhibited by di-iso-Pr f luorophosphate at pH 8.0 and 
25. degree.. Di-isopropyl-phosphorylated enzymes were incubated with the 
nucleophilic oxime 2-pyridine aldoxime methiodid and their 
reactivatability was detd. Reactivatability was expressed by the 
first-order rate const, of aging and/or the half-life of aging (t 1/2). 
The t 1/2 was found to be of the order of 60 min for wild-type BuChE. 
Mutations on Glu-197 increased t 1/2 60-fold. Mutation W82A increased t 
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1/2 13-fold. Mutation D70G increased t 1/2 8-fold. Mutations in the 
vicinity of the active site serine residue had either moderate or no 
effect on aging; t 1/2 was doubled for F329C and F329A, increased only 
4-fold for the double mutant A328G + F329S, and no change was obsd. for 
the A328G mutant, indicating that the isopropoxy chain to be dealkylated 
does not directly interact with Ala-328 and Phe-329. These results were 
interpreted by mol . modeling of di-isopropylphosphorylated wild-type and 
mutant enzymes. Mol. dynamics simulations indicated that the iso-Pr chain 
that is lost interacted with Trp-82, suggesting that Trp-82 has a role in 
stabilizing the carbonium ion that is released in the dealkylation step. 
This study emphasized the important role of the Glu-197 carboxylate in 
stabilizing the developing carbocation, and the allosteric control of the 
dealkylation reaction by Asp-70. Indeed, ■ although Asp-70 does not 
interact with the phosphor6yl moiety, mutation D70G affects the rate of 
aging. This indirect control was interpreted in terms of change in the 
conformational state of Trp-82 owing to internal motions of the .OMEGA, 
loop (Cys-65-Cys-92 ) in the mutant enzyme. 
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AB Estd. reactivation times for red cell acetylcholinesterase after 

in vitro pyridostigmine inhibition were compared in blood samples from 20 
veterans of Operation Desert Storm and 20 normal control subjects, matched 
for sex and age. All Gulf War veterans indicated they had taken 
pyridostigimine as a pretreatment drug for nerve agent exposure in 
Operation Desert Storm. Acetylcholinesterase was inhibited in 
whole blood lysates at pyridostigmine concns . from 1 to 7.5 .mu.M. 
Butyrylcholinesterase was specifically inhibited with iso-OMPA to 
prevent interference with detn. of acetylcholinesterase 
activity. Concns. of red cell acetylcholinesterase and plasma 
butyrylcholinesterase were detd. Mean whole blood 
acetylcholinesterase for all subjects was 5.7 U/mL . +- . 0.7; mean 
plasma butyrylcholinesterase was 4.9 U/mL . +-. 1.1. Mean 
spontaneous reactivation time (tl/2 at 2.5 .mu.M pyridostigmine) for all 
subjects was 42.6 min .+-. 5.4; mean for veterans = 4 3.2 . +- . 6.2; mean 
for controls = 42.1 . 4.6. Statistical anal, of reactivation times 
(repeated measures ANOVA) revealed no statistically significant difference 
between controls and veterans, but there were significant differences (p = 
0.01) between controls and veterans were not statistically significant 
although, again, there were significant differences between the sexes 
across both groups. Phenotyping of butyrylcholinesterase showed 
that all Gulf War veterans had the homozygous usual, wild-type allele. 
Examn. of kinetics of acetylcholinesterase inhibition and 
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butyrylcholinesterase concns. in this limited population revealed 

no indication of genetic predispositions that could result in adverse 

effects upon exposure to pyridostigmine. 
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Asp-70 is the defining amino acid in the peripheral anionic site of human 
butyrylcholinesterase (BuChE) , whereas 

acetylcholinesterase has several addnl . amino acids, the most 
important one being Trp-277 (Trp-279 in Torpedo AChE) . We studied mutants 
D700G, D70K and A277W to evaluate the role of Asp-70 and Trp-277 in 
reactions with organophosphates . We fond that Asp-70 was important for 
binding pos. charged echothiophate, but not neutral paraoxon and iso-OMPA. 
Asp-70 was also important for binding of pos. charged pralidoxime (2-PAM) 
and for activation of re-activation by excess 2-PAM. Excess 2-PAM had an 
effect similar to substrate activation, suggesting the binding of 2 mol of 

2- PAM to wild-type but not to the D70G mutant. A surprising result was 
that Asp-70 was important for irreversible aging, the D70G mutant having a 

3- and 8-fold lower rate of aging for paraoxon-inhibited and diisopropyl 
f luorophosphate-inhibited BuChE. Mutants of Asp-70 had the same rate 
consts. for phosphorylation and re-activation by 2-PAM as wild-type. The 
A277W mutant behaved like wild-type in all assays. Our results predict 
that people with the atypical (D70G) variant of BuChE will be more 
sensitive to the toxic effects of echothiophate, but will be equally 
sensitive to paraoxon and di-iso-Pr f luorophosphate . People with the D70G 
mutation will be resistant to re-activation of their inhibited BuChE by 
2-PAM, but this will be offset by the lower rate of irreversible aging of 
inhibited BuChE, allowing some regeneration by spontaneous hydrolysis. 
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AB Recombinant baculovirus vectors expressing the human 

butyrylcholinesterase (BuChE) gene were administered to fourth 

instar cabbage looper (Trichoplusia ni) larvae by growing the larvae for 

.apprx.72 h on infected synthetic medium. Infected T. ni larvae 
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homogenate generated a significantly greater amt . of BuChE activity than 
transfected COS cells or Sf9 cells infected with recombinant baculovirus. 
Unlike COS cells or Sf9 cells, the T. ni larvae produced enough BuChE to 
assay for organophosphate hydrolysis activity, an important step in 
engineering BuChE to hydrolyze organophosphate chem. warfare nerve agents. 
Infected T. ni larvae could also serve as an animal model system for 
testing recombinant BuChE activity against chem. warfare nerve agents in 
vivo. 
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Role of aspartate 70 and tryptophan 82 in binding of 
succinyldithiocholine to human 
butyrylcholinesterase 

Masson, Patrick; Legrand, Pierre; Bartels, Cynthia F.; 
Froment, Marie-Therese; Schopfer, Lawrence M. ; 
Lockridge, Oksana 

Unite de Biochimie, Centre de Recherches du Service de 
Sante des Armees, La Tronche, 38702, Fr . 
Biochemistry (1997), 36(8), 2266-2277 
CODEN: BICHAW; ISSN: 0006-2960 
American Chemical Society 
Journal 
English 

The atypical variant of human butyrylcholinesterase has Gly in 
place of Asp-70. Patients with this D70G mutation respond abnormally to 
the muscle relaxant, succinyldicholine, experiencing hours of apnea rather 
than the intended 3 min. Asp-70 is at the rim of the active site gorge 12 
.ANG. from active site residue Ser-198. An unanswered question in the 
literature is why the atypical variant has a 10-fold increase in Km for 
compds . with a single pos . charge, but a 100-fold increase in Km for 
compds. with 2 pos. charges. Here, the authors mutated residues Asp-70, 
Trp-82, Trp-231, Glu-197, and Tyr-332 and expressed mutant enzymes in 
mammalian cells. Steady-state kinetic parameters for the hydrolysis of 
butyrylthiocholine, benzoylcholine, succinyldithiocholine, and 
o-nitrophenyl butyrate were detd. The wild-type and the D70G mutant 
enzymes had identical kcat values for all substrates. Mol . modeling and 
mol. dynamics suggested that succinyldicholine could bind in 2 consecutive 
orientations in the active site gorge; formation of one complex caused a 
conformational change in the omega loop involving Asp-70 and Trp-82. The 
authors propose the formation of 3 enzyme-substrate intermediates 
preceding the acyl-enzyme intermediate; kinetic data support this 
contention. Substrates with a single pos. charge interact with Asp-70 
just once, whereas substrates with 2 pos. charges, e.g., 
succinyldithiocholine, interact with Asp-70 in 2 complexes, thus 
explaining the 10- and 100-fold increases in Km in the D70G mutant. 



L6 ANSWER 4 8 OF 72 HCAPLUS COPYRIGHT 2003 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) 



CORPORATE SOURCE: 



1997 : 26262 HCAPLUS 
126: 101090 

A single amino acid substitution, Glyll7His, confers 
phosphotriesterase (organophosphorus acid anhydride 
hydrolase) activity on human 
butyrylcholinesterase 

Lockridge, Oksana; Blong, Renee M. ; Masson, 

Patrick; Froment, Marie-Therese; Millard, Charles B.; 

Broomfield, Clarence A. 

Eppley Institute and Department of Biochemistry and 
Molecular Biology, University of Nebraska Medical 
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Center, Omaha, NE, 8198-6805, USA 
SOURCE: Biochemistry (1997), 36(4), 786-795 

CODEN: BICHAW; ISSN: 0006-2960 
PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The G117H mutant of human butyrylcholinesterase (EC 3.1.1.8) (I) 

was expressed in CHO cells. Substitution of Gly-117 with His to make the 
G117H mutant endowed I with the ability to catalyze the hydrolysis of 
organophosphate esters. G117H was still able to hydrolyze 
butyrylthiocholine, benzoylcholine, and o-nitrophenyl butyrate, but in 
addn. it had acquired the ability to hydrolyze the antiglaucoma drug, 
echothiophate, and the pesticide, paraoxon. Wild-type I was irreversibly 
inhibited by echothiophate and paraoxon, but G117H regained 100% activity 
within 2-3 min following reaction with these compds . On a polyacrylamide 
gel, the same bands that stained for activity with butyrylthiocholine also 
stained for activity with echothiophate. G117H is the only enzyme known 
that hydrolyzes echothiophate. Diethoxyphosphorylated G117H aged with a 
half-time of 5.5 h, a rate 600-fold slower than the rate of hydrolysis. 
Echothiophate and paraoxon were hydrolyzed with the same kcat of 0.75 
min-1. This calcd. to a rate acceleration of 100 000-fold for hydrolysis 
of echothiophate and paraoxon by the G117H mutant compared to the 
nonenzymic rate. 
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O. / Caviston, T. L. 

CORPORATE SOURCE: Biochemical Pharmacology Branch, U.S. Army Medical 

Research Institute Chemical Defense, Aberdeen Proving 
Ground, MD, 21010-5425, USA 

SOURCE: Enzymes of the Cholinesterase Family, [Proceedings of 

the International Meeting on Cholinesterases] , 5th, 
Madras, Sept. 24-28, 1994 (1995), Meeting Date 1994, 
169-75. Editor(s): Quinn, Daniel M. Plenum: New 
York, N. Y. 
CODEN: 62LSAT 

DOCUMENT TYPE: Conference 

LANGUAGE: English 

AB Computer-aided modeling was used to identify mutation sites that 
potentially would produce an enzyme from butyrylcholinesterase 
that would catalyze rapid hydrolysis of organophosphorus inhibitors . Two 
mutants (G117H and G121H) were created and expressed to test the models. 
Replacement of glycine-121 with histidine eliminated activity, probably 
due to steric interference with substrate binding. Replacement of 
glycine-117 with histidine, however, produced an enzyme that retained, for 
the most part, its ability to hydrolyze the normal substrates but was 
highly resistant to inhibition by organophosphorus inhibitors . 
Furthermore, once an organophosphorus inhibitor reacted with the G117H 
mutant, reactivation was much more rapid than in the wild-type enzyme, 
resulting in actual turnover of the organophosphorus compd. 
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site and promoter 

AUTHOR(S): Jbilo, Omar; Toutant, Jean-Pierre; Chatonnet, Arnaud; 

Lock ridge , Ok s ana 
CORPORATE SOURCE: INRA, Montpellier, 34060, Fr . 

SOURCE: Enzymes of the Cholinesterase Family, [Proceedings of 

the International Meeting on Cholinesterases ] , 5th, 
Madras, Sept. 24-28, 1994 (1995), Meeting Date 1994, 
23-8. Editor (s) : Quinn, Daniel M. Plenum: New York, 
N. Y. 

CODEN: 62LSAT 
DOCUMENT TYPE: Conference; General Review 

LANGUAGE: English 
AB A review with 12 refs. 
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TITLE: Asp70 in the peripheral anionic site of human 

butyrylcholinesterase 
AUTHOR(S): Masson, Patrick; Froment, Marie-Therese; Bartels, 

Cynthia F. ; Lockridge, Oksana 
CORPORATE SOURCE: Unite de Biochimie, Centre de Recherches du Service de 

Sante des Armees, La Tronche, Fr. 
SOURCE: European Journal of Biochemistry (1996), 235(1/2), 

36-48 

CODEN: EJBCAI; ISSN: 0014-2956 
PUBLISHER: Springer 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The amino acids at the mouth of the active site gorge was detd. important 
for the function of human butyrylcholinesterase. Mutants D7 0G, 
Q119Y, G283D, A277W, A277H, and A277W/G283D were expressed in human 
embryonal kidney cells and the secreted enzymes were assayed by 
steady-state kinetics. Only 1 amino acid, D70 was important for function. 
When D70 was mutated to G, the same mutation as in the naturally occurring 
atypical butyrylcholinesterase, the affinity for pos . charged 
substrates and pos. charged inhibitors decreased 5-30-fold. The D70G 
mutant had another striking abnormality in that it was virtually devoid of 
the phenomenon of substrate activation by excess butyrylthiocholine . 
Thus, though kcat was the same for wild-type and D70G mutant, being 24000 
min-1 at low butyrylthiocholine concns . (0.01-01 mM) , it failed to 
increase for the D70G mutant at 40 mM butyrylthiocholine, whereas it 
increased threefold for wild type. The D70G mutant was more sensitive to 
changes in salt concn . , its catalytic rate decreasing more than that of 
the wild type. The D70G mutant appeared to have a greater surface' neg. 
charge than wild type suggesting that the D70G mutant had a conformation 
different from that of the wild type. That D70 affects the function of 
butyrylcholinesterase, together with its location at the mouth of 
the active-site gorge, supports the hypothesis that D70 is a component of 
the peripheral anionic site of butyrylcholinesterase. Mutants 
contg. arom. amino acids at the mouth of the gorge had increased binding 
affinity for propidium and fasciculin, but unaltered function, suggesting 
that arom. amino acids are "not important to the function of the peripheral 
anionic site of butyrylcholinesterase. 
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butyrylcholines terase 
AUTHOR(S): Millard, Charles B.; Lockridge, Oksana; . 

Broomfield, Clarence A. 
CORPORATE SOURCE: United States Army Medical Research Institute of 

Chemical Defense, Aberdeen Proving Ground, MD, 

21010-5425, USA 

SOURCE: Biochemistry (1995), 34(49), 15925-33 

CODEN: BICHAW; ISSN: 0006-2960 
PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Serine esterases and proteases are rapidly and irreversibly inhibited by 
organophosphorus (OP) nerve agents. To overcome this limitation, we 
selected several residues that were predicted to be within 3-10 . ANG . of 
both the active site Ser 0. gamma, and the oxyanion hole of human 
butyrylcholinesterase (BuChE) for mutation to His (G115H, G117H, 
Q119H, and G121H) . In marked contrast with wild-type (WT) and all other 
His mutants tested, G117H underwent spontaneous reactivation following OP 
inhibition to regain 100% of original esterase activity with max. k3 
values of approx. 6.8 .times. 10-5 and 16 .times. 10-5 s-1 for GB (sarin) 
and VX, resp., in 0 . 1M Bis-Tris, 25. degree.. The free energy of 
activation for k3 was 19 kcal/mol, and measurement of pH dependence 
suggested that reactivation resulted from an acidic group with a pKa of 
6.2. To evaluate further the importance of His in achieving this result, 
the authors changed the same Gly to Lys (G117K) and compared its substrate 
and inhibitor kinetics with those of G117H. Both mutants retained 
esterase activity with Km values similar to those of WT for neutral ester 
hydrolysis, but G117K did not reactivate. Complete reactivation proved 
that G117H is not irreversibly inhibited but instead functions as a 
catalyst for OP hydrolysis. Dephosphonylation is the rate-limiting step, 
and G117H effects overall rate const, enhancements of approx. 100- and 
2000-fold above the uncatalyzed hydrolysis of GB and VX, resp., at pH 6.0, 
25.0 .degree.. It was concluded that an appropriately positioned 
imidazolium ion in the oxyanion hole catalyzes dephosphonylation and, 
thereby, confers a novel organophosphorus acid anhydride hydrolase 
(diisopropylf luorophosphatase) activity upon BuChE. 
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SOURCE: In Vitro Cellular & Developmental Biology: Animal 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Comparison of proteins expressed by SV40 transformed cell lines and 

untransformed cell lines is of interest because SV40 transformed cells are 
immortal, whereas untransformed cells senesce after about 50 doublings. 
In MRC-5 SV40 cells, only seven proteins have previously been reported to 
shift from undetectable to detectable after transformation by SV40 virus. 
The authors report that butyrylcholinesterase is an 8th protein 
in this category. Butyrylcholinesterase activity in transformed 
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MRC-5 SV40 cells increased at least 150-fold over its. undetectable level 

in MRC-5 parental cells. Other SV40 transformed cell lines, including 

COS-1, COS-7, and WI-38 VA13, also expressed endogenous 

butyrylcholinesterase, whereas the parental, untrans formed cell 

lines, CV-1 and WI-38, had no detectable butyrylcholinesterase 

activity or mRNA. Infection of CV-1 cells by SV40 virus did not result in 

expression of butyrylcholinesterase, showing that the 

butyrylcholinesterase promoter was not activated by the large T 

antigen of SV4 0. Thus, butyrylcholinesterase expression 

resulted from events related to cell immortalization and did not result 

from activation by the large T antigen. 
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Tissue distribution of human 
acetylcholinesterase and 
butyrylcholinesterase messenger 
Jbilo, Omar; Bartels, Cynthia F. 
Tout ant, Jean-Pierre; Lockridge, Oksana 
Inst. Natl. Rech. Agron., Physiol. Animale 9, 
Montpellier, 34060, Fr . 
Toxicon (1994), 32(11), 1445-57 
CODEN: TOXIA6; ISSN: 0041-0101 
Elsevier 
Journal 
English 

Cholinesterase inhibitors are known to occur naturally in the 
calabar bean (eserine), green potatoes (solanine) , insect-resistant crab 
apples, the coca plant (cocaine) and snake venom (fasciculin) . There are 
also synthetic cholinesterase inhibitors, for example man-made 
insecticides. These inhibitors are known to inactivate 
acetylcholinesterase and butyrylcholinesterase as we'll 
as other targets. From a study of the tissue distribution of 
acetylcholinesterase and butyrylcholinesterase mRNA by 
Northern blot anal., the authors have found the highest levels of 
butyrylcholinesterase mRNA in the liver and lungs, tissues known 
as the principal detoxication sites of the human body. These results 
indicate that butyrylcholinesterase may be a first line of 
defense against poisons that are eaten or inhaled. 
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Promoter and transcription start site of human and 
rabbit butyrylcholinesterase genes 

Jbilo, Omar; Toutant, Jean-Pierre; Vatsis, Kostas P.; 
Chatonnet, Arnaud; Lockridge, Oksana 

Inst. Natl. Recherche Agronomique, Montpellier, 34060, 
Fr . 

Journal of Biological Chemistry (1994), 269(33), 
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CODEN: JBCHA3; ISSN: 0021-9258 
Journal 
English 

Two kilobase segments of the 5 1 -untranslated regions of the human and 
rabbit butyrylcholinesterase (BCHE) genes were characterized. 
The sequences shared extensive identity except for a 333-base pair (bp) 
Alu repeat present only in human BCHE. One single transcription start 
site was found in both genes with the techniques of primer extension, 
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amplification of the 5 ' -end of mRNA, and RNase protection. Cap sites in 
human and rabbit BCHE genes were found in strictly homologous positions. 
In human BCHE, the transcription start site was found 157 bp upstream of 
Met-28, the translation start site. Potential regulatory elements in both 
promoters included one API site and multiple sites for topoisomerase, 
Oct-1 and PEA-3. Transient expression of BCHE-reporter gene constructs 
showed that a 194-bp fragment of the 5' -flanking region of human BCHE and 
a 570-bp fragment of rabbit BCHE were sufficient for promoting 
chloramphenicol acetyltransf erase activity in HeLa cells. No consensus 
TATA and CAAT boxes were found. However, the sequence around the 
transcription start site exhibited homol . with initiator elements found in 
other TATA- less promoters in developmentally regulated genes. 
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Expression of recombinant 
butyrylcholinesterase in mammalian cells 
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Report 
English 

Sequencing of the acetylcholinesterase gene from 55 human 
subjects showed that the red blood cell acetylcholinesterase was 
identical to the YT blood group antigen. The common YT1 blood group had 
His-322 and the rare YT2 blood group had Asn-322. The human 
butyrylcholinesterase and its mutants were also expressed in 
recombinant CHO cells. 
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Recombinant human butyrylcholinesterase 
G390V, the fluoride-2 variant, expressed in Chinese 
hamster ovary cells, is a low affinity variant 
Masson, Patrick; Adkins, Steve; Gouet, Patrice; 
Lockridge , Oksana 

Unite Biochim., Cent. Rech. Serv. Sante des Armees, La 
Tronche, 38702, Fr. 

Journal of Biological Chemistry {1993), 268(19), 
14329-41 

CODEN: JBCHA3; ISSN: 0021-9258 
Journal 
English 

kinetics of a recombinant fluoride-2 variant of human 
butyrylcholinesterase (contg. a Gly390.fwdarw.Val mutation) 
secreted by Chinese hamster ovary cells were compared to recombinant 
wild-type enzyme and to wild-type butyrylcholinesterase purified 
from human plasma, where wild-type refers to the most commonly obsd. form 
of the enzyme. The wild-type and f luoride-2-variant enzymes were 
indistinguishable with regard to hydrolysis of benzoylcholine (Km = 5 
.mu.M), neutral esters, and at high concns . of acetylthiocholine, 
propionylthiocholine, and butyrylthiocholine . However, at low substrate 
concns., Km values for acetylthiocholine and succinyldithiocholine were 
2-6-fold higher for the f luoride-2-variant . The pH rate profiles revealed 
small differences in pK. alpha, that could be attributed to changes in the 



TYPE: 



The 



Searched by Susan Hanley 305-4053 



Page 



CELSA 09/748,739 



active site histidine environment. On the other hand, Arrhenius plot 
anal, of o-nitrophenylbutyrate hydrolysis at pH 7.5 showed no difference 
in activation energy between fluoride-2 and wild-type 
butyrylcholinesterases . Both exhibited an anomalous temp, 
dependence with a wavelike change in activation energy around 18 
. degree. C. Affinity of the fluoride-2 variant for sodium fluoride, 
tacrine, dibucaine, amodiaquin, and succinyldicholine was lower than for 
wild-type enzyme. Apparent Ki for succinyldicholine was 125 .mu.M for the 
fluoride-2 variant and 20 .mu.M for the wild-type enzyme. Organophosphate 
inhibition showed equiv. reactivity, indicating that the point mutation 
altered only the binding properties of the variant. Thus, Km and Ki 
changes explain the succinyldicholine sensitivity of people carrying the 
fluoride-2 variant. 
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Multidiscip. Approaches Cholinesterase Funct . , [Proc. 
OHOLOConf.], 36th (1992), 53-9. Editor(s): 
Shafferman, Avigdor; Velan, Baruch. Plenum: New York, 
N. Y. 

CODEN: 58ZCAE 
Conference 
English 

Until now no genetic variant of human acetylcholinesterase has 
been reported. This enzyme is considered essential to life and it was 
thought that genetic variants of acetylcholinestease were incompatible 
with life. However, we have found a common polymorphism in human 
acetylcholinestease, histidine 322 being changed to asparagine, in 5% of 
ACHe alleles of European and American populations. Furthermore, this 
genetic variation is assocd. with the YT blood group. We conclude that 
the YT blood group antigen is located on red blood cell 
acetylcholinesterase. The literature shows only one cultured cell 
line that has BChE activity, the HuH-7 hepatoma cell line (Hada et al . , 
1987) . We have found that SV40 transformed cell lines including COS-1 and 
COS-7 monkey kidney cell lines, and WI38 VA13 and MRC-5 SV40 human lung 
embryonal cells have significant levels of BChE both in the cell lyase and 
secreted into the culture medium. In contrast, the nontransf ormed 
parental cell lines CV-1, W138, and MRC-5 have little or no BChE. 
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Identification of two different point mutations 
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AB The fluoride variant of human butyrylcholinesterase owes its 

name to the observation that it is resistant to inhibition by 0.050 mM 
sodium fluoride in the in vitro assay. Individuals who are heterozygous 
for the fluoride and atypical alleles experience about 30 min of apnea, 
rather than the usual 3-5 min, after receiving succinyldicholine . Earlier 
we reported that the atypical variant has a nucleotide substitution which 
changes Asp 70 to Gly. In the present work we have identified two 
different point mutations assocd. with the fluoride-resistant phenotype. 
Fluoride-1 has a nucleotide substitution which changes Thr 243 to Met (ACG 
to ATG) . Fluoride-2 has a substitution which changes Gly 390 to Val (GGT 
to GTT) . These results were obtained by DNA sequence anal, of the 
butyrylcholinesterase gene after amplification by PCR. The 
subjects for these analyses were 4 patients and 21 family members. 
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Expression and refolding of functional human 
butyrylcholinesterase from E. coli 

Masson, Patrick; Adkins, Steve; Pham-Trong, Philippe; 
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Recombinant human butyrylcholinesterase (BuChE) can be produced 
in Escherichia coli and renatured to generate the active tetramer. 
However, for practical interest, the conditions of refolding have to be 
optimized. Nevertheless, 2 conclusions can be drawn: (a) sugars are not 
essential for BuChE activity (but sugars are important for biol . stability 
and circulatory lifetime of the plasma enzyme since they protect it 
against proteases); (b) though BuChE is a disulf ide-linked dimer of dimers 
composed of 3-disulfide looped single domain subunits, its folding to the 
functionally active state is thermodynamically controlled. 



SOURCE 



DOCUMENT TYPE 
LANGUAGE : 
AB 



L6 ANSWER 61 OF 72 HCAPLUS COPYRIGHT 2003 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR (S) : 
CORPORATE SOURCE: 

SOURCE: 



DOCUMENT TYPE: 
LANGUAGE : 

AB Single copy genes 



1992: 54 4 602 HCAPLUS 
117:144602 

Structure of human butyrylcholinesterase 
gene and expression in mammalian cells 
Lockridge, Oksana; La Du, Bert N. 

Med. Sen., Univ. Michigan, Ann Arbor, MI, 48109-0626, 
USA 

Int. Meet. Cholinesterases , 3rd 
1990, 168-71 . Editor (s) : 
Chem. Soc. : Washington, D. C. 



Cholinesterases Proc 
(1991) , Meeting Date 
Massoulie, Jean. Am 
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Conference 
English 
are very important for 
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Sequencing Project because they are used as landmarks to define position 
on the phys . map. Butyrylcholinesterase (BCHE) is a single copy 
gene in the human genome as well as in order vertebrates. The authors 
have detd. the structure of the human gene and have recovered the gene by 
PCR from genomic DNA of approx . 100 individuals. PCR and DNA sequencing 
were used to identify nucleotide substitutions in the rare genetic 
variants of human BChE assocd. with an abnormal response to the muscle 
relaxant succinylcholine . When human cDNA was expressed in CHO cells >95% 
of activity was secreted as a tetrameric BChE having normal substrate and 
inhibitor specificities. 
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TITLE: DNA mutation associated with the human 

butyrylcholinesterase K- variant and its 
linkage to the atypical variant mutation and other 
polymorphic sites 

AUTHOR(S): Bartels, C. F. ; Jensen, F. S.; Lockridge, O. 

; Van der Spek, A. F. L.; Rubinstein, H. M . ; Lubrano, 
T. ; La Du, B. N. 

CORPORATE SOURCE: Sch. Med., Univ. Michigan, Ann Arbor, MI, USA 

SOURCE: American Journal of Human Genetics (1992), 50(5), 

1086-103 

CODEN: AJHGAG; ISSN: 0002-9297 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Genomic DNA from two families exhibiting the K-variant phenotype of serum 
butyrylcholinesterase was amplified by PCR and sequenced to det . 
the mol. basis of this variant. The K-variant phenotype was found to be 
assocd. with a DNA transition from guanine to adenine at nucleotide 1615, 
which caused an amino acid change from alanine 539 to threonine 
(GCA. fwdarw. ACA; Ala539.fwdarw.Thr). There was a 30% redn. of serum 
butyrylcholinesterase activity assocd. with this mutation. 
Amplification and sequencing of DNA from a random sample of 47 unrelated 
people gave a frequency of .128 for the K-variant allele. Thus, 1 person 
in 63 should be homozygous for the K-variant, making the K-variant the 
most common butyrylcholinesterase variant. The K-variant 
mutation was also found to be present in 17 (89%) of 19 
butyrylcholinesterase genes contg. the point mutation which causes 
the atypical phenotype of butyrylcholinesterase (GAT . fwdarw . GGT; 
Asp70 . fwdarw . Gly) . The presence of the K-variant in the same mol. as the 
atypical variant does not contribute to the qual. change in the atypical 
enzyme, but it most likely accounts for the approx. one-third redn. in 
Vmax of butyrylcholinesterase activity in atypical serum. Two 
addnl . point mutations located in noncoding regions of the gene were also 
obsd. to be in linkage disequil. with the K-variant mutation. As many as 
four different point mutations have been identified within a single 
butyrylcholinesterase gene. Inhibition tests of the enzyme in 
plasma are usually used to distinguish the K-variant from the usual enzyme 
when the former is present with the heterozygous atypical variant (AK 
phenotype vs. UA phenotype). Inhibition tests were performed on plasma 
enzyme from the four possible genotypic combinations of the heterozygous 
atypical mutation with or without the K-variant mutation on either allele; 
it was found that the AK phenotype was caused by three genotypes (A/K, 
AK/K, and U/A) and that the UA phenotype was caused by two genotypes (U/A 
and U/AK) . 
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The cloned butyrylcholinesterase (BCHE) gene 
maps to a single chromosome site, 3q26 
Allderdice, P. W. ; Gardner, H. A. R. ; Galutira, D. ; 
Lockridge, O.; LaDu, B. N . ; McAlpine, P. J. 
Fac. Med., Mem. Univ. Newfoundland, St. John's, NF, 
A1B 3V6, Can. 

Genomics (1991), 11(2) f 452-4 
CODEN: GNMCEP; ISSN: 0888-7543 
Journal 
English 

Human tissues have 2 distinct cholinesterase activities: 
acetylcholinesterase and butyrylcholinesterase. 
Acetylcholinesterase functions in the transmission of nerve 
impulses, whereas the physiol. function of butyrylcholinesterase 
remains unknown. An atypical form of butyrylcholinesterase or 
the absence of its activity leads to prolonged apnea following 
administration of the muscle relaxant suxamethonium. Inheritance of these 
butyrylcholinesterase variants is consistent with the enzyme 
activity being encoded in a single autosomal locus, BCHE (formerly CHE1 
and El), which has been assigned to chromosome 3. Previous in situ 
hybridization of a BCHE cDNA probe gave evidence of homologous sequences 
at 3q26, and 16qll-q23, raising the possibility of more than 1 locus 
coding for butyrylcholinesterase (Soreq, H., et al., 1987). 
Using a different cDNA probe hybridized in situ to 4 6, XX, inv ( 3 ) (p25q21 ) 
metaphase chromosomes, the localization of BCHE to a single autosomal 
location, 3q26, is reported. 
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Human cholinesterase gene expression in 
mammalian cells 
Lockridge , O . 

Univ. Michigan, Ann Arbor, MI, USA 

Report (1990), Order No. AD-A227 610, 38 pp. Avail. 
NTIS 

From: Gov. Rep. Announce. Index (U. S.) 1991, 91(80, 
Abstr. No. 119,528 
Report 
English 

AB A mammalian cell expression system was used to produce active human 
butyrylcholinesterase (BChE) with properties similar to the native 
enzyme. An addnl . advantage was the secretion of recombinant BChE into 
the culture medium. 
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Arpagaus, Martine; Chatonnet, Arnaud; Masson, Patrick; 
Newton, Michael; Vaughan, Theresa A. ; Bartels, Cynthia 
F.; Nogueira, Christine P.; La Du, Bert N . ; 
Lo ck r i dge , Ok s ana 

Dep. Pharmacol., Univ. Michigan, Ann Arbor, MI, 
48109-0626, USA 

Journal of Biological Chemistry (1991), 266(11), 
6966-74 



Searched by Susan Hanley 305-4053 



Page 



CELSA 09/748,739 



CODEN: JBCHA3; ISSN: 0021-9258 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Genomic blots from man, monkey, cow, sheep, pig, rabbit, dog, rat, mouse, 
guinea pig, and chicken DNA were hybridized with probes derived from the 
four exons of the human butyrylcholinesterase (BChE) gene. The 
results showed that the BChE gene was present in a single copy in the 
genome of all these vertebrates. The polymerase chain reaction was used 
to amplify genomic DNA from these animals with oligonucleotides derived 
from the human BChE coding sequence. The amplified segment contained 423 
base pairs of BChE sequence, including the active site Ser-198 of the 
enzyme and a component of the anionic site, Asp-70. Amplification was 
successful for monkey, pig, cow, dog, sheep, and rabbit DNA, but 
unsuccessful for rat, guinea pig, mouse, and chicken DNA. Amplified 
segments were cloned in phage M13 and sequenced. The mouse sequence was 
obtained by sequencing a genomic clone. The highest identity of the human 
amino acid sequence was found with monkey (100%) and the lowest with mouse 
(91.5%). The sequence around active site Ser-198, Phe-Gly-Glu-Ser-Ala-Gly- 
Ala, was conserved in all 8 animals as was the anionic site component, 
Asp-70. A phylogenetic tree of mammalian BChEs was constructed using the 
partial BChE sequences. 
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TITLE: The butyrylcholinesterase gene (BCHE) at 

3q26.2 shows two RFLPs 
AUTHOR(S): McAlpine, P. J.; Dixon, M . ; Allderdice, P. W.; 

Lockridge, O. / La Du, B. N. 
CORPORATE SOURCE: Dep. Hum. Genet., Univ. Manitoba, Winnipeg, MB, R3E 

0W3, Can. 

SOURCE: Nucleic Acids Research (1991), 19(18), 5088 

CODEN: NARHAD; ISSN: 0305-1048 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Butyrylcholinesterase gene probes for exon 1 has a 0.8 kb 

Pstl-Hindlll insert and exon 3 has a 1.7 kb EcoRI-Xbal insert (M. Arpagaus 
et al., 1990). The exon 1 probe identifies two alleles on PstI digests at 
23.1 kb (CI) and 4.4 kb (C2) . The exon 3 probe identifies two alleles on 
Mspl digests at 10.5 kb (Dl) and 5.4 kb (D2) . To date complete 
correspondence in phenotypes with both enzyme-probe combinations was 
found. Codominant inheritance was demonstrated in several two and three 
generation families. 
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TITLE: Phenotypic and molecular biological analysis of human 

butyrylcholinesterase variants 
AUTHOR(S): La Du, B. N . ; Bartels, C. F. ; Nogueira, C. P.; Hajra, 

A./ Lightstone, H.; Van der Spek, A.; Lockridge, 
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CORPORATE SOURCE: Med. Sen., Univ. Michigan, Ann Arbor, MI, 48109, USA 

SOURCE: Clinical Biochemistry (1990), 23(5), 423-31 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Several variant forms of human butyrylcholinesterase, assocd. 

with unusual sensitivity to succinylcholine, are caused by specific 
mutations within the structural DNA coding for this enzyme. Atypical 
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(dibucaine-resistant ) butyrylcholinesterase is caused by a point 
mutation in nucleotide position 209 (GAT — >GGT) , which changes aspartate 
70 to glycine. One fluoride-resistant variant family has a point mutation 
at nucleotide 728 (ACG — >ATG) , which changes threonine 243 to methionine. 
Another type of fluoride-resistant variant has a point mutation at 
nucleotide 1169 (GGT — >GTT) , which changes glycine 390 to valine.. One 
type of silent phenotype is due to a frame-shift mutation at nucleotide 
position 351 (GGT — >GG AG ) . A polymorphic site at nucleotide position 1615 
(GCA/ACA) , coding for Ala/Thr, accounts for the quant. K-variant, which 
causes an approx. one-third redn . of activity, if Thr occupies that 
position at codon 539. Examples are given to illustrate the advantages of 
using a combination of the new DNA anal, techniques, including: the use of 
allele-specif ic probes, with the std. serum cholines terase 
phenotyping methods. More accurate typing of patients with certain 
variants is now possible, pedigree anal, will be aided by the improved 
methodol. 
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Proposed nomenclature for human 
butyrylcholinesterase genetic variants 
identified by DNA sequencing 

La Du, Bert N.; Bartels, Cynthia F. ; Nogueira, 
Christine P.; Arpagaus, Martine; Lockridge, 
Ok sana 

Med. Sen., Univ. Michigan, Ann Arbor, MI, 48109-0626, 
USA 

Cellular and Molecular Neurobiology (1991), 11(1), 
79-89 

CODEN: CMNEDI; ISSN: 0272-4340 
Journal 
English 

New information identifying nucleotide alterations of human 
butyrylcholinesterase allows the use of more specific nomenclature 
for the variants commonly known as atypical, fluoride, silent, and K 
variant. In addn . to suggesting a system of trivial names and 
abbreviations, a list of formal names is provided that follow the 
guidelines of the Committee for Human Gene Nomenclature. It is suggested 
that formal names be included in publications whenever possible. 
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Evidence for a single butyrylcholinesterase 
gene in individuals carrying the C5 plasma 
cholinesterase variant (CHE2) 

Masson, Patrick; Chatonnet, Arnaud; Lockridge, 
Ok sana 

Rech . Serv. Sante Armees, La 



Unite Biochim. , Cent . 
Tronche, 38702, Fr . 

FEBS Letters (1990), 262(1), 115-18 
CODEN: FEBLAL; ISSN: 0014-5793 
Journal 
■ English 

DNA of 3 unrelated individuals carrying the human blood plasma 
butyrylcholinesterase C5 variant (CHE2) was isolated from white 
blood cells. Southern blot patterns of DNA restriction fragments probed 
with each of the 4 butyrylcholinesterase exons provided evidence 
that the prodn. of C5 is not directed by a second 
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bu tyryl cholines terase gene. Apparently, the C5 variant is a 
hybrid enzyme resulting from the assocn. of bu tyryl cholines terase 
subunits with a non-cholinesterase protein. 
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Structure of the gene for human 
butyryl cholines terase . Evidence for a single 
copy 

Arpagaus, Martine; Kott, Matthew; Vatsis, Kostas P.; 
Bartels, Cynthia F . ; La Du, Bert N . ; 
Ok s ana 

Med. Sen., Univ. Michigan, Ann Abor, 
USA 

Biochemistry (1990), 29(1), 124-31 
CODEN: BICHAW; ISSN: 0006-2960 
Journal 
English 

Five genomic clones for human butyryl cholines terase (BChE) were 
isolated using cDNA probes encoding the catalytic subunit of the 
hydrophilic tetramer. The BChE gene is .gtoreq.73 kb long and contains 4 
exons . Exon 1 contains untranslated sequences and 2 potential translation 
initiation sites at codons -69 and -47. Exon 2 (1525 bp) contains 83% of 
the coding sequence for the mature protein, including the N-terminal and 
the active-site serine, and a third possible translation initiation site 
(likely functional) at codon -28. Exon 3 is 167 nucleotides long. Exon 4 
(604 bp) codes for the C-terminus of the protein and the 3' untranslated 
region where 2 polyadenylation signals were identified. Intron 1 is 6.5 
kb long, and the minimal sizes of introns 2 and 3 are each 32 kb. 
Southern blot anal, of total human genomic DNA is in complete agreement 
with the gene structure established by restriction endonuclease mapping of 
the genomic clones; this strongly suggests that the BChE gene is present 
in a single copy. 
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Comparison of butyrylcholines terase and 
acetylcholinesterase 

Chatonnet, Arnaud; Lockridge, Oksana 
Dep. Physiol. Anim. , Inst. Natl. Rech . Agron . , 
Montpellier, 34060, Fr . 

Biochemical Journal (1989), 260(3), 625-34 
CODEN: BIJOAK; ISSN: 0306-3275 
Journal; General Review 
English 

A review, with 123 refs., comparing butyrylcholines terase (BChE) 
and acetylcholinesterase (AChE) . The high homologies of the 
mol. forms and the homologies of the protein sequences are compared. The 
distribution and regulation of AChE and BChE are discussed. Finally, 
comparison of the structure and base compn. of the genes gives clues to 
understanding the origin and evolution of AChE and BChE. 
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Amino acid sequence of human cholinesterase 
Lockridge, O. 
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DOCUMENT TYPE: Report 
LANGUAGE: English 

AB The complete amino acid sequence of human serum cholinesterase 

was detd. The method used was Edman degrdn. of peptides purified by HPLC. 

There were 574 amino acid per subunit . The active site serine was located 

198 amino acids from the N terminus. The active site peptide was isolated 

from 3 different genetic types of human butyryl cholinesterase : 

usual, atypical, and atypical-silent. The amino acid sequence of the 

active site peptide was identical in all 3 genotypes. Comparison of the 

complete sequences of butyryl cholinesterase from human serum and 

acetylcholinesterase from the elec. organ of Torpedo calif ornica 

showed an identity of 53.8%. These structural results will serve as the 

basis for cloning the gene, which in turn will provide unlimited 

quantities of the enzyme. 
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